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Since the First Edition of the ^ Field Book/ the author has 
found, through conversation with numerous friends, that it 
-would be advisable to enter more into detail as to the ap- 
plication of the Tables. He has therefore given, in the Intro- 
duction to this Second Edition, an explanation of the system 
of levelling with the theodolite, by which the student may 
perceive how rapidly a network of trial levels may be ob- 
tained over a very extensive area through a hilly country ; 
and also of the system of traverse surveying and plotting, 
more particularly as applicable to the working surveys re- 
quired through thickly populated districts, where great ac^ 
curacy in the plans is necessary. 

For those who object to the theodolite, a set of tables has 
been given for setting out carves hy numerous offsets from one 
tangent. The author has besides added, in this Second 
Edition, Earthwork Tables for every 6 inches up to 80 feet 
deep ; and a Table of Gradients j which will be found to reduce 
very considerably the labour of preparing working sections. 
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INTRODUCTION. 



It is not unworthy of remark that, "whilst every branch of engineering, 
with two exceptions, has, during the last thirty years, been progressing 
with 'giant strides,' the exceptions, land surveying and levelling, 
remain exactly where they were ; this, of course, is the general rule only : 
there are exceptions, no doubt, numerous. Taking into consideration the 
great advantages of the present day, in the shape of ordnance maps, 
tithe plans, improved instruments, and the gradients and curves which 
we may now adopt, it is doubtful whether, generally speaking, surveyors 
know as well now how to pick out a line of railway as the professional 
man of a quarter of a century ago. This was about the only reproof 
made against the engineer by Lord Eedesdale in his late ' raid ' on rail- 
way people generally. His lordship observed that railway plans were 
not sufficiently studied ; the observation is not a whit more flattering to 
the writer than to his brother professionals, but he submits that it is 
true. 

It would, of course, be unfair to apply this observation to those cases 
where a professional man is sent down at the veiy last moment, when 
there is scarcely time to prepare any plans and sections whatever, after 
merely giving a glance at a country, where he can very often barely see 
a mile ahead. The condition now more particularly referred td, is 
where the engineering surveyor is engaged in actual exploring or trial 
levelling for the selection of a line of railway at home or abroad, and 
as to the most expeditious method of obtaining sufficient levels to ensure 
the best passes, the most favourable starting-points when we are at 
liberty to select, and the best points or thereabouts along the line so as 
to avoid heavy works. These circumstances necessitate getting over a 
wide expanse of ground in a short time, and this can be done only by 
adopting suitable means. 

The * good old times ' have passed away, when we laid out railways 
through flat and undulating coimtries ; with very few exceptions, these 
territories are all fully occupied, and the engineering surveyor, in pro- 
jecting lines of railways at the present time, must make up his mind to 
wind along hills and over mountains. Not only the ground is broken 
in every direction by chains of lofty hills, but out of these run numerous 
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spurs and valleys which require close study before anything like a 
good line can be laid out amongst them, even after a particular general 
route of country has been determined on as the best, purely from an 
engineering point of view. In such districts as are now referred to, the 
hills very commonly rise and fall 60 and 100 feet within very short 
distances, such as 100 or 160 yards; not only is it necessary to have 
levels over such ground, so as to avoid as much as possible very heavy 
works, but the pass has often, and indeed most generally, to be kept in 
view, whether it be very high or very low ground ; and not only the 
ground rises and falls in nimierous places at the rate above mentioned, 
for distances of 100 and 160 yards, but often also at the same rate for 
ten times such distances. 

Again, before the general route above referred to can be determined 
upon, the country for a mile or two right and left, and often much 
more, requires examination, not merely by the eye, which in really hilly 
countries is very likely to deceive, but by some rapid instrumental ex- 
ploration ; and it is only when this has been done that the best line 
generally can be discovered. The work more particularly referred to 
now, is railway work at home, where we have often a severe par- 
liamentary ordeal to go through ; this we observe advisedly, for unless 
we have opposition, it matters very little, except as regards expense, 
what kind of a line is brought forward. 

Notwithstanding all these difficulties, however, which have sprung up 
naturally, and simply from our having to project our works under cir- 
cumstances generally so very diflFerent to those of twenty and thirty 
years ago, we adhere, with only a few exceptions, to exactly the same 
instruments, and the same mode of using them as we did then. The 
reserve, however, of a few exceptions has been made, because there are 
engineering surveyors who have adopted a totally different method of 
going to work, and mostly they are well and profitably employed ; but in 
subjects of this kind we cannot refer to exceptions, and we can only deal 
with the general state of things as we meet with them. 

The only instmment still generally employed for getting explore levels, 
even over the most hilly country, is only and simply the level in its ordinary 
form ; and, however expert the observer may be, he will not get over a 
hundred feet rise in much less than six observations : with the theodolite 
this is done at one sight, that is, with five-sixths less trouble and time. 
The ordinary mo^e of using the level for trial levelling, is to b<>gin at 
some particular point, and to wind up and down with instrument and 
staff along the sidelying ground proposed to be adopted, and so get a 
few levels right and left, these being referred to in the level book, and 
on a plan by letters or numbers. One trial line having been got over, 
another line is tried in the same manner ; but, from the nature of the 
instmment in its simple form, the work is slow, and in hilly countries 
confined to very narrow limits. 
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Two or tliree instances which have occurred within the author's ex- 
perience, will perhaps tend to' explain the different results that are to 
be obtained^m trial leyelling with the theodolite, and with the level 
in its ordinary form. 

It is now some years since, that a line of railway was laid/)ut, and 
even stumped out, through a mountainous country, and the construction 
of which wouiihave involved about 2^ miles of tunnel through a very 
hard rock, containing large quantities of water ; this was independent of 
very heavy cuttings and some lofty viaducts. The works altogether were 
BO expensive that some thoughts were entertained of abandoning the 
whole CQncem as not likely to pay. Let it be distinctly understood that 
the men who had laid out this line were thoroughly able and experienced, 
but the only instrument they had used was the level ; for some six or 
seven miles of approach to the tunnel, they were confined in the gorges 
of hills rising some four or five hundred feet on each side, and they 
could not get out of them. 

Under the circumstances above mentioned, a new order of things was 
established, and the theodolite was brought into operation for trial 
levelling. In about three weeks a new line was found ; two short tunnel*; 
were substituted for the long one above referred to, with practicable 
works of approach. 

On another occasion, of much later occurrence, after about six weeks' 
trial levelling, with the level, by a gentleman of first-class experience 
and abilities, plans and sections were deposited for a short line, which 
showed two tunnels, one of which was upwards of a mile and a half in 
length, with very long and heavy embankments on each side, one of 
which, for a considerable length, was 80 and 90 feet deep. The deposit 
was made, but no further motion was taken in the matter ; and not only 
this, but a line between the two places was given up as impracticable. 
Under this state of things the subject was taken up by another engineer ; 
he trial levelled for a line between the two same places, but with the 
theodolite, and in a short time he obtained so many levels over an ex- 
tensive area, and over totally different ground, that he obtained a line 
with only a quarter of a mile of tunnelling, all other works being of 
quite an ordinary character. 

The writer will mention one more instance to show how easily the 
eye, even of a well-practised man, may be deceived in the matter of 
levels in a hilly country. A professional man of extensive practice had 
been told that in a particular place, tlirough which he was nmning a 
line, he would there have a tunnel; but he was quite satisfied, from 
what he could see, that he should only have some 40 feet of cutting. 
When, however, the deposit was made, the section showed 300 yards of 
tunnelling, with a depth of 110 feet. 

The above instances have only been given to demonstrate practically 
to those who are not in the habit of using the theodolite for taking trial 
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levels, that the practical application of the instrament for this particular 
purpose has led to most important results ; and it was only because the 
writer had had most satisfoctory experience on the subject, that he cal- 
culated the tables given in this volume, and which are equally applicable 
to the best and most accurate style of surveying, that is, surveying by 
traverse. This in no way refers to 'Parliamentary work. 

As regards these tables and theodolite levelling, it is lOw about two 
years and a half ago that he had occasion to take some leTels through a 
valley amongst the chalk hills in the south of England ; besides the 
main line there were 37 cross-sections, each of which was about half a 
mile long, each falling from 350 to 500 feet^ and then rising 500 and 
600 feet on the other side ; in a week, thanks to the theodolite, the 
work was accomplished, and, with the assistance of the tables, then in 
manuscript, it was very rapidly cast out, reduced and plotted, just in 
the same way as in the ordinary level book, angles of depression and 
elevation being taken, instead of heights in feet, for back and foresights. 

To the practised engineer, it must, of course, be needless to explain the 
manner in which the levels for a section are taken with the theodolite ; 
but the writer having met with many who really had no idea about it, 
he will not apologise for now giving a full explanation, the more so that 
such matter is always useful to students, and will in all probabih'ty 
become more so at some future time, when theodolite levelling will 
become common practice. 



LEVELMNO WITH THE THEODOLITE. — CASTING-OUT 
LEVELS AND REDUCING BY THE USE OF THE 
TABLES.— PLOTTING SECTION. 

Let a o b be an angle of elevation of 20 degrees, measured with the 
theodolite placed at o, whilst a staff has been held at ▲ ; and let the 
distance from o to ▲ measure 100 feet, o ▲= 100 feet is only the length 
measured along the surface of the sloping ground ; b o is the true hori- 
zontal distance, and b o is the cosine of the angle of elevation ; and a b 
is the difference of levels to the sine of the angle of elevation. By 
means of the tables wo get the lengths of both these required lines. At 
page 64, we find that for the angle of 20 degrees, and for the measured 
length 100, the horizontal distance for difference of levels is 93*969 ; 
this will be equal to b o ; and at page 65 we find that the difference of 
level? for this angle of 20, and measured length of 100 feet, is 34*20 ; 
this will be equal to a b, and will give the rise, or height of a 
above o. 

We will now apply this to the diagram of a section, p. ix. ; 1, 2, 
3, 4, 5, 6, are the stations for placing first the levelling staves, and 
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then the theodolite ; for instance, the level of the grotmd at station 1 
haying been preTiouslj ascertained, the staff was held at station 2, and 
the theodoUte set np at station 1, paying proper attention, of course, to 
the verniers of the vertical limb and to the bubbles. The centre of the 
instrument is found to be 4*10 feet above the ground; then the telescope 




IS directed by vertical motion to 4*10 on the staff held at station 2 ; the 
vernier is damped, &c., and the angle of elevation is read ofi^ 9° 50' 
entered in the book, and the distance is measured along the sloping 
ground, 410 feet. The theodolite is then removed, a staff left behind at 
station 1, and the instrument carried to station 2, the staff from which 
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is gent forwara to station 3; the theodolite is then properly set up over 
station 2 ; the height of the instrument above the ground is now found 
to be 5'1 feet; then the telescope is directed to 5*1 on the stafiTheld at 
station 1, and the angle of depression on the vertical limb should be 
found to read exactly 80° 10'«90°-9° 60'. The telescope is now 
turned to the staff at 3, the angle of elevation read off, entered 
in the book, and the distance from station 2 to station 3, equal to 
800 feet, is measured and also entered. The instrument is then removed 
from, station 2, some peg or mark being left there, in order that the 
staff-holder coming forward from station 1 may find the exact spot. The 
instrument is now carried forward to station 3, and properly set up as 
before ; the staff from station 1 being now held at station 3, and the 
centre of the instrument being 4' 15 feet above the ground, the telescope 
is directed to 4' 15 on the staff at 1, and the angle of depression is read 
off and entered. The telescope is now turned to the staff held at 4, and 
directed to 4*15 (the height of the instrument above the ground); the 
vernier is again clamped, &c., &c. ; the angle of depression is read off 
from the limb, and entered in the book, and the distance, 405 feet, 
measured along the ground, entered also. 

The theodolite is now removed to station 4, whilst the staff is brought 
forward from station 2 to station 3, and the other staff is carried for- 
ward to station 5 ; the instrument being now placed at station 4, we 
take the angle of elevation on to the staff held at station 3, and then the 
angle of elevation to the staff held at station 5, exactly in the manner 
already explained, and we progress in this manner to the end of the line. 

Let us now refer to the field-book in which the observations are 
recorded. 
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It will be observed that the back angle is a complete check upon the 
whole of the field-work. 
The rise and fall are obtained from the tables of * Differences of 
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Leyels/ and the reduced lengths from * Horizontal Distances for Diffe- 
rences of Levels,' merely by removing the decimal point to the right 
or left. 

The levels having been cast ont^ and reduced in the ordinary manner, 
and the reduced lengths added up in the column ' Total Beduced Distance/ 
the section is plotted in the usual manner. 

It will be observed that in the diagram explanatory of the mode of 
plotting the levels, only the leading points have been noticed on the 
section : small inequalities are quite secondary considerations in taking 
trial levels over a hilly country, but there is nothing to prevent inter- 
mediate depressions in the ground being noticed on the flypage. 

It will also be observed, that besides the angles of depression and 
elevation taken along the main line, we may also take observations right 
and left, the levels so obtained being quite as valuable for our purposes 
as those obtained from the main Une. It is indeed the great facility 
with which these side levels are obtained by the means of theodolite 
levelling which makes the system so valuable ; from the rapidity with 
which the work is done, a difference of 200 or 300 feet in levels, or 
much more, being obtained at one sight, quite as easily as 8 or 10 feet 
with the ordinary level ; and when the instrument is supplied with a 
micrometer, the distances are read off rapidly, quite near enough to all 
intents and purposes, without chaining. In the diagram and example 
of field-book given here, no reference is made to side levelling, in order 
that there may bo no confusion in the elementary explanation of elevation 
and depressioriy and the corresponding rise and /a//, and reduced distance. 
After what has been just said, it cannot fail to be observed, that for ob- 
taining levels over the ridges enclosing large areas of watershed, the 
system is very rapid, and equally valuable for taking cross sections in 
very sidelying ground, in matters of deviations. It is by these means 
that a great number of levels above a given datum are written in on 
maps or plans ; and as regards railway engineering, there then remains 
but little to do in determining the direction of a line, in ascertaining 
pretty accurately the nature and extent of the works, as well as the 
gradients and curves to be adopted. With such documents at hand, it is 
easy to avoid sending in ill-studied plans and sections. 

But very few engineers, if any, were better acquainted with all the 
details of engineering field-work than the late Mr. Ghravatt ; and he was 
perfectly aware that, even in his working-days, the level by itself was very 
limited in its capabilities for trial levels, and to increase its usefulness, for 
the purpose of trial levelling and cross sections particularly, he added the 
appliances shown in the accompanying diagram, in which it will be seen 
that ▲ and b are two plain sights, which are so contrived that they are 
shipped and unshipped with the greatest ease ; A has a vertical slit and 
two horizontal ones ; b has a fixed vertical horsehair, and is also pro- 
vided with a slide, d, carrying a cross-hair, which intersects the vertical 



Xll INTRODtJCIIOH. 

hcmehair higlieT oi lover, accoi^iug aa the slide 19 mored up or down. 
The slids d ia also provided vith a vernier on each aide of Che brood 
arcow -^> by which Che diviaiouB engntved along b are subdivided into 
tenths and Imndredtiis. Thedottedline, db, ahowsthaC this contrivance 
affords a most ready means of obtaining the ratea of inclination of itny 
sidelying gronnd, or, as will be presently seen, any diiTerence of level 
The depth between the horizontal sHta of a is made exactly equal to 
the fiilu)tt of the divisions on b, which whole is made by Ihe maker 
exactly equal to some decimal fcaetion of the horizontal distance between 
A and B, which in the instnimenC before us measures exactly 10 inches. 
The w/iBle of the divisions of s is equal to 2 inches, or ^ of the dis- 
tance AR ; one half, therefore, of the divisions ia equal to 1 inch, or ^ 




of the distance ab and as this inch or ^ of ab is divided into 10 
equal parts, each aubdinsion is equal to ^ of ab two subdivisions 
will be y^, and three wJl be ^ and twenty will be j^ and these 
hundredths will give the rise or fall per hundred (any unit of 
meaaarement) luntiimtal 

The instrument is used m the CillowiDg manner When on observa- 
tion ia required to be taken, a staff-holder ia sent, on to the given spot ; 
if an Ovation is to be taken, the observer applies the eye to the ImiieT 
horisoQtiil slit, and the cross-hair of the slide d is mode to coin- 
cide with that reading on the staff whicb is equal to the height of 
the ustmmeDt above the ground ; there only remains to take off the 
reading la the du^raip, the erosa-hair interapcta above the 12th divi- 
aion, and bj means of the vernier (the divisions of which are too small 
to be shown in the figure), we find the mbdiiriaion to be 'S3 ; then the 
whole reading will be 12-53, which meana at once that the ground rises 
at the rate of 12-63 per hundred AorL-onfiif— as, for example, 1233 feet 
per bundred feet Aoriicratal. 

If an angle otdepreatioa is to be taken, the eye is of course applied to 
Che upper horizontal sliL In the fignre before ua, with the slide still at d, 
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we find the arrow intersects a little below 7 subdivisions, and the excess 
we read off by the vernier (the upper side of the arrow) to be '47 ; the 
reading will therefore be 7*43, which means that the ground falls 7*43 
feet per hundred feet horizontal. 

Now, we haye observed above, that 'the cross-hair of the slide is 
made to coincide with that reading on the staff which is equal 
to the height of the instrument above the ground.' It may be added 
that, for all ordinary purposes, it is unnecessary to use a levelling-staff ; 
it will be generally sufficient to send a man to the required spot, where 
he may hold up a piece of white paper at the height of his neck, or 
thereabouts, according as the instrument is higher or lower above the 
ground. For short distances, this will answer all practical purposes, 
where rapidity is more requisite than extreme accuracy of fractions of feet. 

An approximate level may, however, often be required for some con- 
siderable distance. For instance, let us suppose that an elevation has 
been read off of 27*47) and that the distance, Tneasured along the sloping 
ground, is 460 feet ; required the total rise, and the horizontal distance 
from the observer to the point observed. Kefer to Table I., and under 
the column * Rise or Fall per Hundred Horizontal,* look for the given 
reading 27*47, or the nearest to it; we find this, or 27*42, at page 16, 
f»d it coincides with the angle of 15° 20' ; now look for this angle in 
TaUe II., where we shall find it at pages 54 and 55 \ the angle of 
W^ W gives for 400 feet, difference of level, 105*77 
and for 60 feet „ „ 15-86 

Total rise or difference of level = 121*63 

Similarly we find the horizontal distance : 

For 400 feet, horizontal distance, 385*76 
For 60 „ „ „ 57-86 

Total horizontal distance from) 
instrument to observed point j 

In this instrument of Mr. Gravatt's, as made by Archbutt and Sons, 
the plain sights also enable an observer to take a bearing, or horizontal 
angle, with considerable accuracy, whilst the divisions on the cap or 
sunshade will enable him to take approximate angles of elevation or 
depression, which will often be found exceedingly useful. 

To the young practitioner and student, and to those generally who 
have never taken levels by any of the means here mentioned, it may be 
as well to make a few observations as regards the above example. 
The rise per hundred feet horizontal we find to be 27*42, and the 
measured distance along the slope is 460 feet ; if 27*42 had been mul- 
tiplied by 460, we should have had 126*13 for difference of level, or an 
error of about 5 feet. This is mentioned to make it perfectly intelligible 
that the readings we get on the scale, are the ratios of rise or fall per 
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hundred feet horizontal ; in the next place we may add, that of course, 
in taking the ohservations, it is necessary that the bubble should be 
exactly in the centre of its run, in the same way as though the observer 
were taking ordinary levels. 



THE ELEMENTS AND PRACTICE OF TRAVEESE 

SURVEYING, 

The correct practical principle of working a traverse on the ground 
consists of the best method of reading the angles roimd any regular or 
irregular polygon, and measuring the lengths of the sides. From these 
angles and lengths certain calculations are made, which enable us, with 




no other instrumenta than a straight-edge and set-square, to lay the 
work down on paper with any degree of precision. Table 11. gives these 
calculations all ready to the surveyor's hand. 

Let A o E be a regular octagon, which we propose going round with 
the theodolite, starting fifom A, Let A n be the magnetic north ; zero on 
the horizontal limb is made to coincide exactly with the needle ;* in the 
next place, the angle nab is taken, which will here be 22°— 30'; 
90°— 22° 30' =67° 30'=* the angle b A f, to which bp is the sine, or 
departure, and a p the cosine, or latitude, given in Table II., as already 
fuUy explained above. Now, in the regular octagon, each of the angles 
at the circumference, that is, ab o^ b ce, ceh, is equal to 135 degrees. 

The intersecting angles at b,«360°, are made up of abd, = 180°, 

• In Mr. Hoakold'g Transit Theodolite, constructed by Messrs. Archbutt, the 
compass U nearly twice the ordinary size, and qnite free and open, so that it can 
be read very accurately. 
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plus ABC, = 135®, and d b c, which will be equal to 46°. It will be the 
same thing, of course, at c, e, &c., as in the regular octagon given the 
angles at the circumference are all equal to each other. 

We will now return to the theodolite, which we have left all clamped, 
and reading 22° — 20'. The length ab being measured, the instru- 
ment is to be removed to station b, and there set up exactly over the 
point B, which is done by the shifting of the legs, so as to make the 
plumb-bob hang exactly over the right point. The next adjustment is 
to bring the bubbles exactly to the centres of their runs ; this places 
the instrument in horizontal adjustment, so that the angles taken shall 
all be horizontal. This is effected by means of the parallel plate screws, 
two of which are shown in the figure at a and b. The instrument being 
correctly placed at b, we have now to bring the reading 22° — 30' to bear 
exactly on point a, where, of course, a pole is held up, care, however, 
being taken that the intersection of the wires of the diaphragm shall 
be exactly on the foot of the pole, whilst the vernier, as last fixed on 
the limb, remains perfectly untouched. 

To do this, the clamp c is slackened, which allows the whole of the in- 
strument to be turned round bodily on its axis, without any portion of 
the upper part of the instrument being moved in the least degree. The 
theodolite is now to be turned round, whilst the observer looks along the 
upper telescope, which he directs towards a, or through the plain sights 
8, s ; when the intersection of the wires of the diaphragm* (which, for 
the sake of brevity, we shall in future call the sight) pretty nearly 
coincides with the station a, the clamp c is tightened, and the 
contact of the perfected sight with the foot of the pole at a, by means 
of the tangent-screw d, which allows of the most delicate and regular 
horizontal motion of the instrument. 

This perfect contact being effected, we now release the verniers, 
which are shown at e, by slackening the upper clamping-screw f ; the 
telescope is now turned round to station c, and when the sight is nearly 
in contact with the foot of the pole, screw f is tightened, and, by means 
of the tangent-screw, the contact of the sight is perfected. We can 
now take off the reading of the vernier on the limb, reading with perfect 
accuracy by means of the magnifier i. The magnifiers in this instru- 
ment are, by a particular contrivance, made to move with the greatest 
possible convenience, which is a most important thing in getting an 
accurate reading on the limb. In the present instance, the reading will 
be 247°— 30'. The length of bc, being measured, the instrument is 
now removed to station c, with the reading on the limb (247° — 30') left 
antouchcd. 

* In order to see the wires of the diaphragm clearly and comfortably, it is neces- 
sary to draw out the eye-piece o very gradually, until the wires appear sharp and 
well definal. This must be done delicately, as even the sixteenth of an inch back- 
wards or forwards makes a great deal of difference. 
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The theodolite being now set up at c, in the same manner as at a and 
B, the damp-screw c is slackened, the npper telescope is turned on to 
pole left at b, clamp-screw c is then tightened, and perfect sight com- 
pleted by means of tangent-screw d. Now release damp-screw f, turn 
the telescope on to b, tighten f, and complete the contact of sight by 
means of tangent-screw h. The reading on the limb will now be found 
to be 112^—30'. This operation is completed until we have gone over 
the ground from end to end. 

Let it now be observed that the reading at b was 247°— 30^; this, 
deducted from 270°, leaves 22°— 30'«to the angle cbl, of which cl is 
the sine, or departure, in the tables, and b l the cosine, or the latitude. 
The reading at o was 112° -30'; deducting this from 180°, leaves 
67° — 30^, of which l b is the sine, or departure, and l c the cosine, or 
latitude. 

Genbbai. Bttle. — ^Where the reading m less than 90°, subtract the 
reading from 90°, which will leave the angle required ; when the reading 
is more than 90°, and less than 180°, subtract the reading from 180°, 
which will give the angle required ; when above 180°, and less than 
270°, subtract the reading from 270° ; and similarly, where the reading 
is above 270°, and less than 360°, deduct the reading from 360° : in 
each case the remainder will give the angle required. 

In the practice of traverse surveying we always make the reading 
6', 10', or 16', &c, according to convenience, by moving the poles, or 
making our marks on walls, &c, a little to the right or left; this vrill be 
found a great practical advantage, inasmuch as it does away with all 
fractions of minutes, and increases the clearness of reading, a matter of 
the greatest importance in traverse surveying, for the spedal purposes 
we are now considering. 

It is to be observed that in the usual practice of traverse surveying, 
we measure the sides and angles round any polygonal figure, regular or 
irregular, and that in doing so we go as far north as we do south, 
and as far east as we do west, and that consequently the ' southings ' 
are equal to the * northings,' and that 'eastings' are equal to the 
' westings.' 

Now the ' Differences of Latitudes,' or the northings and southings of 
any line, are the distances that the ends of lines measured round any 
polygon are north or south of the other ends. 

The * eastings * or * westings,' or departures of any lines, are the per- 
pendicular distances from one end of the lines to a meridian, or line 
passing south and north through the other end, the ' meridians ' being 
parallel lines supposed to pass through every station on a survey. In 
any polygon, regular or irregular, the sum of all the interior angles is 
equal to twice as many right-angles as the figure has sides, less four 
right-angles. 

As observed above, and as may be seen by referring to the figure at 
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p. xiv., whether wq consider the regular octagon or the circle, in going 
round the polygon, we go as far north as south, and as far east as west ; 
therefore, when we reduce the * northings * and * southings ' of aU the 
lines from the tables of Difference of Latitude, and similarly when we 
reduce the eastings and westings of all the lines from the Tables of De- 
partures, we at once have proof of the accuracy of the work, since the 
northings will be equal to the southings, and the eastings equal to the 
westings, if the chaining has been correctly done. 

In the same manner, we shall have proof of the angles having been 
correctly measured, because all the interior angles will be equal to twice 
as many right-angles as the polygon has sides, less four right-angles, or 
1 80°, if the theodolite has been correctly used. There will, however, gene- 
rally be some two or three minutes difference, even with the most careful 
work, unless some particular plan be adopted, such as that which has 
been mentioned above, of maMftff the readings 6', 10', or 16', &c., by 
making our marks accordingly. In the description of work to which 
we have been more particularly referring to, a difference of two or three 
minutes might be of considerable importance ; at least for a working 
survey amongst buildings we should object to it, and the more so that 
it may be avoided; but in coimtry surveying, or where looking such 
minttte accuracy would be loss of time, it is usual to divide the difference 
or error ovot the work. 

In the example we have given of traverse surveying at p. rxi., it 
might be very inconvenient to have to go round ; but the work may be 
proved by going over the work a second time, but backwards, so that we 
shall still have our northings equal to southings, and our eastings equal 
to westings. 

It is very possible that to many this going over the lines a second 
time may appear fastidious, but in fact it consumes but very little time, 
from the work having been abeady all set out ; and, in the next place, 
it removes all doubts from the mind of the surveyor, as well as &om 
that of the chief for whom he may be working. "Where, on the contrary, 
the work has not hQ&a proved, the surveyor will feel perhaps for months 
afterwards uncertainty about his plans ; and if any hitch occurs in the 
setting out of the works, he will be sure to feel no small amount of un- 
easiness, and attribute the difficulty to some possible error in his work. 

As to the degree of accuracy which we have considered necessary in 
town lands surveys for the purpose here contemplated, we will only 
point out that the mistake of a foot may be of far greater importance 
than a foot error in a cutting or embankment on an ordinary section, 
for in this last case it would only involve some difference as to a greater 
or less quantity of earthwork ; but serious as such a blunder would be, it 
would be trifling oompared to the setting out works so that any por- 
tion of them might fall a foot within instead of outside of a building. 
The engineer who has had to set out works through ground thickly 
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covered with buildings, knows all the importance of a correct plan for 
such purposes. 

In the theodolite we are now refernng to, it will be obserred that there 
is a lower telescope, which is so set that its axis perfectly coincides 
with that of the upper telescope, when at zero ; there is also a diagonal 
eye-piece, so made that when screwed into the telescope, it admits of 
its being pointed directly vertical, and of observations being made in 
snch direction with as much facility as if the glass were pointed hori- 
Bontally ; this is a considerable advantage, as it allows of undeiground- 
woziks being connected in the most direct manner with the surface. 
Further, by the special construction of this instrument, when any 
particular point has been found on the surface, there are means of 
setting out from such point any angle taken underground, without 
TnalriTig any alteration on the vernier plate : that is to say, that leaving 
all screws faat damped, the instrument may be brought from imder- 
ground works to any fixed point on the surface, and any particular angle 
set out or checked, one or both sides of which shall exactly coincide 
with fixed underground lines. The vernier zero being made to coincide 
exactly with zero on the limb, and the instrument turned round until 
the needle points to its own zero, both telescopes will be in the same 
vertical plane ; any angle being now taken may be transferred to the 
surface, and the large size of the compass will show the slightest 
deviation that may have taken place. 

In ranging curves, the addition of the second telescope is important, 
inasmuch as it enables the observer to be always satisfied that the zero 
of the instrument, during the course of any number of observations, has 
not deviated from the direction of the tangent. Any want of check on 
such deviation is often a source of error in setting out long curves, and 
is often caused by the observer moving about the instrument without 
sufficient care, or by his attempting thoughtlessly to move the vernier 
plate without having first released its clamping-screw. Such errors are 
often carried to the end of the curve, where they become greatly in- 
creased ; they are frequently then rectified (!) by what is termed easing 
the curve, which simply means that at one end a curve is often of a 
radius 5 or 10 chains shorter than it should be. 



PLOTTING TOWN SURVEYS BY TRAVERSE 

TABLES. 

SnrcB the introduction of railway and other great engineering works 
into the very centres of large towns — as, for instance, of the railways now 
constructed or about to be constructed in the parts of London covered 
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with valuable property — ^the accuracy of working surveys has become of 
the very highest importance. Not only is it by these plans that it is 
determined whether buildings and parts of buildings lie on the line of 
works, but often there are no other means of setting out these works 
than by the working plans. 

Not only important and expensive working drawings are got out ac- 
cording to the plans, and often become of no value if these are wrong, 
but the works themselves are frequently set out from the plans only, and 
immense difi&culties must be the consequence if they are incorrect. Some 
considerable length of curve, or straight line, may be laid down on a 
plan drawn to a very large scale, and properties are often purchased in 
portions only, and not consecutively, and the works are of necessity set 
out from the plans and commenced ; and if they have not been correctly 
surveyed, and also correctly plotted, very serious consequences may re- 
sult : not only may we find that we interfere with buildings we did not 
contemplate touching, but the relative position of the centre lines may be 
wrong ; and where masses of buildings intervene between works com- 
menced in two different places, it is often very difficult to check 
satisfactorily the operations of setting out by work done on the 
ground. In short, the work is altogether different from ranging curves 
and straight lines through fields, or even villages and small country 
towns. 

The writer believes that, generally, it is the system of plotting the 
survey which is at fault. If the ground is well traversed with a good 
theodolite, and the lines carefully chained, this part of the work can 
scarcely be otherwise than satisfactory ; but the means adopted usually 
for laying down upon paper long lines (often from 15 to 30 inches and 
more) exactly at the angles, the writer considers unsatisfactory. The 
instrument used for laying off angles is the protractor, perfect it is 
admitted within certain limits, and the same may be said of the large 
parallels employed in the next operation of plotting a traverse survey 
in the usual manner. For ordinary purposes nothing can be better ; but 
an extensive survey, plotted to a large scale (and 20 feet to the inch is 
not too large for the purpose we have now in view), requires altogether a 
different method in order to attain the accuracy necessary for important 
works. 

By means of the Traverse Tables, a good survey may be plotted in 
the same manner and with the same amount of accuracy as a section, as 
the accompanying diagram will explain. 

From the Traversing Notes, the Angles 1, 2, 3, &c., on the accom- 
panying diagram, are obtained, the lengths a b, b c, c d, &c. being 
most carefully chained. To illustrate the method of plotting, it will 
be sufficient to give one example, as the work otherwise would be 
merely a repetition of what has been said imder the head of * Levelling 
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with die Theodolite,' pp. TiL-nii. Angle 1 is S3° 20',^tid ths mewond 
length np tha aide of thettreet is 422 feet; at page 91 (Table II.) we 




Di&arance of Lends,' 



400 = 22l)-29 
20- 11 '014 
2« 1-1014 
422 -232-4054 



422 = 352-243 
Both these results are shoim plotted od the diagram Ibi Angle 1, and 
similarlj for the other anglee. 

When the first portion of the anrvef , bh &om 1 to B, has been completed, 
the amaller areas may be enclosed and plotted in th« tam* manner. It 
will be seen that by these means, the most minute accuracy is ensnred 
fiir the whole as well as for the details of the anrrej'. When the workbas 
proceeded thu^ &f, the centre line of the works should be laid down, and 
the details of the 'blocks' ahonld then be Ailed intA the width required. 
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TABLE I. 

The first columns of Table I. have been prepared to show at a gkuce, on 
either plans or cross sections, the rise and fall due to the angles of de- 
clivity of side-lying ground. As regards earthworks, the importance of 
this can hardly be over-estimated when we are laying down a line either 
for a railway, road, or canal, because it affords a ready means of ascer- 
taining depths of cuttings and embankments, and of making suitable 
alterations in the direction of the centre line of works. Generally, the 
information which we are desirous of obtaining on this point, is the 
difference of the levels right and left of a line at a distance of perhaps 
two or three hundred feet ; this is given at a glance by the tabular 
numbers, when the angles of acclivity or declivity have been taken ; — 
thus column 2 gives the rise or fall per cent horizontal, all in yards, feet, 
or metres, for every five minutes of every angle of inclination, which an 
explorer may at once write down in his note-book without any calcula- 
tion whatever, and the surveyor may make the same observations in his 
field-book right or left of any of his chain lines, whilst making his survey. 
K these lines are laid down on the plot plan, the differences of levels are 
easily plotted at the same time, with all sufficient accuracy for the 
purpose in hand. In a hilly country, particularly, these notes on a plan 
afford the readiest means of avoiding as much as possible heavy cuttings 
and embankments. 

With the exception of the theodolite, wl\ich, however, is much too 
cumbrous to be always carried about for taking angles of inclination, the 
writer is not acquainted with any practically useful inclinometer, except 
that which he has used for many years past.* This consists of a semi- 
circular protractor, with a pendulum pointing to zero when the instru- 
ment is held horizontal ; it is numbered from zero to ninety degrees 
both ways, so that when used in taking an angle of elevation or depression, 
the pendulum at once reads off the observed angle, and with much 
greater steadiness and accuracy than might at the first glance be expected ; 
if the pendulum be sufficiently weighted, say, with about two ounces. 

With a six-inch semicircular protractor, with the vernier loaded, no 
difficulty will be found in reading off to three or four minutes, and for the 

* The writer, however, wishes to goard himself against any imputation of claiming 
either discovery or invention in so simple a matter, and is only desirous of maMug 
more generally known a really useful inclinometer for ordinary purposes. 
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short distances and th« purposes for which the inclinometer could be 
used, this is abundantly accurate; the instrument is furnished with 
plain sights, the axis of which is, of course, made by the manufac- 
turer, parallel with the diameter of the instrument. Fig. 1 is a sketch 
of the instrument. It reads to twenty-two degrees, and as the line of 
sight AB is parallel to the ground line cd, twenty-two degrees is the angle 
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of inclination, and the table supplies the amount of rise for every 
hundred horizontal. The writer trusts that he may be excused for men- 
tioning for the information of the young engineering surveyor, that one- 
half of the cardboard protractors sold by our instrument makers may 
readily be fixed in a plain glazed fiat case, and that with a pendulum 
attached it will make a very useful instrument for such purposes. The 
great advantage of such an instrument is the readiness and rapidity with 
which it supplies, with the assistance of the tables, the rise and &11 for 
ordinary cross sections. 

The second portion of Table I. gives a series of coefficients for setting 
out slopes where the cross section is in steeply side-lying ground, of which 
the angle of inclination has been taken ; the writer considers that where 
the ground rises or falls rapidly, this famishes a better mode of setting 
out the slopes of earth-work than the ordinary method by differences 
of leveL 

Let fig. 2 represent an embankment, 2 to 1 slopes, of 20*2 in depth on 
side-lying ground, of which the angle of inclination has been measured. 
Column 4 of Table I. gives the rise or Ml per unit. Take this tabular 
number opposite to the angle of inclination, mtUtipli/ it by 20*2, and the 
product added to 20*2 will give the depth due to a 6, and a b multiplied by 
the major coefficient, for slopes 2 to 1, gives the distance b c. On the 
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other side the first tabular numbepmultiplied by 20*2 is deducted instead 
of added, to get the depth d «, which, multiplied by the minor coefficient 
for slopes 2 to 1, will give the distance fe: observe, that in both cases 




the lengths be, and/«, are measured along the sloping surface and not 
horizontally, which ensures a much more accurate setting off where the 
earthworks are heavy, and the natural surface of the ground considerably 
mdined. 



TABLE II. 

Table XL is a traverse table for every five minutes of the quadrant 
which will be found a sufficiently close approximation for all surveying 
purposes, as we can always manage to lay out our work to five minutes 
and generally even to ten minutes. It is constructed so that the 
Latitudes and Departures are given in one page for lengths firom 10 to 90, 
and of course by the mere removal of the decimal point one figure to the 
lefty from 1 to 9, and similarly by the removal one point to the right 
from 100 to 900, and so on. 

Independently of its use for regular traverse surveying it will often 
be found useful in the field in getting round obstacles, as for instance^ 
in fig. 3, where a large sheet of water comes across the base line 
AB. From ▲ set out any convenient angle bao, equal to, say 22 de- 
grees, and measure along ac, until the obstacle is so cleared on the 
other side that firom a point o we may set out an angle acb of 68 
degrees, (22 + 68 being equal to 90). Let AO measure 1250 feet ; re- 
quired the length of ab. By table of latitudes we shall have for 22 



927-18—1000 

185-44— 200 

46-36— 60 



1168-98—1250 
01 1158*98 feet for the length of ab, and if the angles have been properly 
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unue 468-26, for, bj the table of 

374'61— 1000 
74-92— 200 
1873— M 



Table U. has beea bo arraitgecl, that the horizontal distances and dif- 
ferences of Wela due to inclination are veiy readily obtuned in th« laine 




manner, when the angle of elevation or depreeiioii has been taken, and 
length ahyng the ^//ping ground earefuUy measuTed. In the last example, 
for instance, if the angle of 22 degcees vera an angle of elevation, and 
the distance I2S0 feet, the length nteaanred idong the sloping ground, 
then we sbonld hare IISS'SB for the hoiizontal distance, and 46826 feet 
for the difFerence of lereL 

It vill be needless to obeerre here, that in a case of taking levels bj 
inclination, we should not recommend such a distance ia be token at one 
sight, and we have onlj done so here in order to show how the use of 
this table is applicable in both cases, with regard to surveying and 
levelling, and in moimfainonB countries, when a good theodolite is Oare- 
full; used, a great amount of country is levelled over very rapidly, and 
as regards cross sections the inclinometer mentioned above does all that 
is required very easily with these tables, as all calculations are avoided. 
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TABLE in. 



Table HI. has been prepared with a view of avoiding in the field all 
the oompntations of tangential angles in setting out circular curves. 
These calculations are simple enough, and yet troublesome in order to en- 
sure accuracy, for one error may involve the loss of many hours* field 
work ; besides, however rapidly they may be made, the time given to them 
will always be more advantageously devoted on the theodolite, and 
seeing that the chainmen do their work accurately, for imless the curve 
be well chained, there can be no hope of closing the curve satisfactorily. 
It wiU be needless to observe that the table is based upon the formula, 

■p ,. — « Tangential angle for one chord. 

It will also be almost as supererogatory to observe that, generally speak- 
ing in setting out curves, the first stump is upon a fraction of a chain. To 
make use of these tables with all desirable rapidity, it is only necessary 
to set out at first with the fraction of the tangential angle due to the 
fraction of chain ; when this has been carefully done, the instrument 
may at once be removed, and a considerable length set oat from such 
station. 

For sharp curves it will be observed that the tangential angles have 
been given by half instead of whole chains, which wiJl be found to give 
more satisfactory results for curves of short radius. 



TABLE IV. 



Table IV. is a table for railway crossings, which is too explicit to need 
any further information on the subject ^ 
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-78640 
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■78)87 
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78079 



5E 
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^& 
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:^?^ 


M 
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;2 
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■76191 : 
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■75908 
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75870 



■75717 I 
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40' 
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■6S79J 
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;!JS^«SSS5S^^S 
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liilSli|£|Eii 
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4t6 °"' 
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Be^ttrtmes, nt IHflarencfi of 



TABI.E IL 



■70198 



44. 
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SI 
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TAB LB III. 








Dboreb 


TANQENTIAI. AKGLES FOB 






T^t 


cotangent 






rf- rf 


M 


CIRCULAB CURVES. 




I 


■^ 


s 


n 


400 feet \ 




I 


s? 


I4C91S0 


s 


4chams Radii. 




6 


■OMQt 


M7-4(«S 


ss 


JOmetreai 
Bbitds. 






s 


)ai-9j09 


E 


InoDs 66 feet ch^ 6| incbeg 




• r 


■C05W 


;ii-{ii, 


Jl 
s 


Bails 18 „ lengths 1 J „ 




" 


■»!49 
•"178 


*Si 


In one 100 „ chain 9f „ 




!J 


S3 


i*43n 


EBilfllS „ lengths lA „ 




■6 


■00465 


114-S!76 


u 


Stipkkelev Alios OF Rails. 






■"»' 


Is^-^I 


jj 


66 faet chain, 20m. per hour 6" 




" 


■00581 

'oa6ii 


I7I'B»S4 


)9 


1 00 faet chain, 20 m. per hour SJ" 




IT 




|i 


I* 
}7 














JJ 


s 




16 


Loft-hma 
BHidlng 


^Sil 


BIght-llBDd 






















■^' 






350° 25'1' 


i 


3" 34'8' 




" 


■0084* 


1 18-5401 


jj 


352 50'3 


1 


7 9^7 






■"371 


,T4-jSS6 




349 15-4 


H 


10 44^6 




!' 


■33901 


..o'a«o 

.07;4ii+ 


il 


345 40-5 


2 


14 19-4 




'i 


:^ 


S 


342 5-7 


H 


17 54-3 




!i 


■009S9 


101-1069 
98-1179 


338 30 8 


3 


21 291 




!fl 


■^^ 


'•9 


S 


334 5ti-0 
331 211 


? 


25 4-0 
28 389 










327 46-3 


H 


32 137 




+5 


■o-.ij 


8rSi97 


10 


324 114 


5 


35 48'6 




41 


'o"fc 


81.841! 

a I -1470 

79-M14 


It 
'1 


320 36-5 
317 1-7 


? 


39 23-4 
42 58-3 




« 




P,^ 




313 2C8 


«i 


46 332 




46 


■OTjj! 


T47i?> 


n 


309 52-0 


7 


50 8-0 






iS 




ii 


306 171 
302 42^2 


S' 


53 42^9 

57 17-7 




5° 


■°I«s 


10 


299 7^4 


H 


60 52-6 




'[ 


;o'4s* 


fo|40'B 


1 


295 82^5 


9 


64 27-5 




» 


si 


(Lt'SfS 


1 


291 57-7 
288 22^8 


.? 


68 2^3 
71 37-2 




I* 

IS 


5 


s 




284 47^9 
281 131 


I? 


75 12-0 
78 46-9 




g 




'*■■«!' 




277 38-2 


I'i 


82 21-7 




1»™. 


J71899 


89= 


274 34 

270 28^5 


12 

12i 


85 56-6 
89 31-5 




89 DBDBEBa 
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"* ^ 


1 Deobee 














TANGENTIAL ANGLES FOR 
CIRCULAR CURVES. 


1° </ 


Tangent 
•01746 


Cotangent 
57-1899 


60' 




•01775 
'01804 


56-3505 
55-4415 
54-5613 
53-7085 


% 


500 feet \ 




•01833 
•01862 


% 


5 chains 


RAdii. 




•01 891 


52*8821 


55 


50 metres ^ 




6 


•019x0 


52*0806 


54 




I 


•01949 
•01978 


51*3031 
50-5485 


53 

5* 


Bends. 


9 

10 


•01007 
•02037 


49-8157 
49*1038 


51 
50 


In one 66 feet chain 5 inches 


II 


•02056 


48*4120 


45 


Rails 18 ;; lengths If ,, 


n 
»5 


•02095 
•02123 
•02153 

*02l8Z 


47*7395 
47-0853 
46*4488 
45*8293 


In one 100 „ chain 7^ „ 
Rails 18 f, lengths 1 „ 


i6 


•022 II 


45*2261 


44 




:i 


•02269 


4#*6385 
44*0661 


43 
42 


SUPEKELEVATION OP RaHS. 


19 


•02298 


43-5081 


41 


66 feet chain, 20 m. per hour 4j" 


lO 


•02328 


42*9640 


40 


ZI 


•02357 


4a-4334 


1? 


100 feet chain, 20 m. per hour S'' 


zz 


•02386 

•02415 


41-9157 
41*4105 










H 


•oa444 


40*9174 


36 


Left-hand 


No. of 


Bight-haod 


z6 


•02473 


40*4358 
39*9654 


35 

4 A 


Beading 


ChainR 


Beading 


'02502 


34 








*Z 


•02531 


39*5058 


33 


357° 8-1' 


1 


2° 51-9' 


28 

'Z9 


•02560 
•02589 


39*0567 
38*6177 
3 8^1 884 


3a 
31 


354 16^2 


5 437 


30 


•02619 


30 


351 24-4 


li 


8 35-6 


31 
ja 
33 


•02648 
•02677 
'02706 


37*7686 

37*35g 
36*9560 




348 82-5 
345 40^6 


2 
8 


11 27-5 
14 19-4 


34 
35 


•02735 
•02764 


36*5626 
36*1775 


26 
a5 


342 48^7 


17 11-3 


36 


•02793 


35*8005 


a4 


339 56-8 


Si 


20 3-1 


37' 
38 

39 


•02822 
•02851 
'02881 


35*4312 
35-0695 
34-7151 


a3 
22 
21 


337 50 
334 13-0 


4 
4i 


22 55-0 
25 46-9 


40 


'02910 


34-3677 


zo 


331 21-2 


5 


28 38^8 


41 

42 


•02939 
•02968 


34*0273 

33-6935 
33*3661 


19 
18 


328 29-3 


5i 


31 30-6 


43 


•02997 


>5 


325 37^4 


6 


34 22-5 


44 
45 


•03026 
•03055 


33*0451 
32*7302 


322 45-6 


6i 


37 14-4 


46 


•03084 


32*4212 


14 


319 53-7 


7 


, 40 6-3 


49 


•03 I 14 
•03143 
•03172 


32*1180 
31*8205 
31*5183 


13 
12 

II 


317 1*8 
314 9^9 


7i 
8 


42 58-2 
45 50-1 


50 


•03201 


31*2415 


10 


311 18-1 


H 


48 41-9 


51 
5a 


•05230 
•03259 


30*9599 
30-6833 


1 


308 26^2 


9' 


51 33-8 


53 

54 
55 


•03288 

•03317 
•03346 


30*4115 
30*1446 
29*8822 


I 

5 


305 34-3 
302 42-4 


10 


54 25-7 
57 17-6 


56 


•03376 


29*6244 


4 


299 50-5 


lOi 


60 9-4 


59 


•03405 

•03434 
•03463 


29-3711 
29*1220 
28*8770 
28*6362 


3 

2 
I 


296 58-7 
294 6^8 


11 
Hi 


63 1-3 
65 53-2 


60 


•0349a 


88" 


291 14-9 


12 


68 451 




Cotangent 


Tangent 




288 23*0 


12-k 


TV ^Rc<^ 




88 Dl 


OT?.KES 




\ 


\ ^ \ 
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TABLE IIL 



! 



2 Bborebs 





Tangent 


</ 


•OJ49Z 




•OJ5ZI 




•03550 




. -03579 




•oj6j8 


6 


•03667 


i 


•03696 


•03715 


9 


•03754 


lO 


•03783 


li 


•0381Z 


12 


•0384Z 


U 


•03871 


H 


•03900 


"5 


•03929 


i6 


•03958 


\l 


•03987 


•04016 


'9 


•04046 


zo 


•04075 


ZI 


•04104 


zz 


•04133 


aj 


'0416Z 


14 


•04191 


45 


•04ZZ0 


z6 


•04250 


Z7 


•04179 
•04308 


z8 


Z9 


•04337 


30 


•04366 


31 


•04395 


3» 


•04424 


33 


•04454 


34 


•04*83 


35 


•0451Z 


36 


•04541 


37 


•04570 


38 
39 


•04599 
•04628 


40 


•04658 


41 


•04687 


41 


•04716 


43 


•0+745 


44 
45 


•0+774 
•04803 


46 


•04833 


% 


•04862 


•04891 


49 


•04920 


50 


•04949 


5> 


•04978 


5* 


•05007 


53 


•05037 


54 


•05066 


55 


•05095 


56 


•051Z4 


% 


•05153 


•0518Z 


P 


•0521Z 


60 


•05Z41 




Cotangent 



Ck>tangent 

28-6362 
28-3003 
Z8-I664 
Z7-937Z 
Z7-7117 
Z7-4898 

Z7-Z7I4 
27-0565 
Z6'8449 
Z6-6366 
z6*43i6 

z6'2i96 
26-0307 
25*8348 
25*6418 

a5'45i7 

25*2643 
25*0797 
24*8978 
24*7185 
24*5417 

24^3675 
24*1957 
24*0263 
23-8592 
23*6945 

23*5320 

23*3717 
23-2136 
23*0576 
22*9037 

22*7518 
22*6020 
22*4540 
22*3080 
22*1639 

22*0217 

2I'88l2 

21*7425 

21*6056 

21*4704 

21*3368 
21*2049 
21*0746 

20*9450 

2o*8ii8 

20*6932 
20*5691 
20*4464 
20*3253 
20*2055 

20*0871 
19*9702 
19-8545 
19-7402 
19-6272 

I9^5i55 
19-4051 

19*2059 

19-1879 

19*0811 

Tangent 



6d 

59 
58 



55 

54 
53 
51 
5» 
50 

49 
48 

46 
45 



43 
41 

4> 

40 

It 

\l 

IS 

34 
33 
32 

31 

30 

29 

28 

26 

15 

14 
13 

22 

21 

20 

;i 

15 

14 

13 
12 
II 
10 

I 
I 



4 
3 

2 

I 

8/» o 



87 Dbobebs 



TANGENTIAL ANGLES FOB 
OIRCULAK CURVES. 

600 feet \ 
6chains I- EadiL 
60 metres / 

Bends. 

In one 66 feet diain 4^ inchefl 
Kails 18 ff lengths 1 jf 

In one 100 ;; chain 6f „ 
Kails 18 ,; lengths \^ y, 

SXTPEBELEYATIGN OF KaTLS. 

66 feet chain, 20 nL per hour 3}'' 
100 feet chain, 25 nL per hour 4f* 



Left-hand 
Beading 



357° 

355 

352 

350 

348 

345 

343 

340 

338 

336 

333 

331 

328 

326 

324 

321 

319 

317 

314 

312 

309 

307 

305 

302 

300 



36-8' 
13-5 
50-3 
27-0 

3-8 
40-6 
17-3 
54-1 
30-8 

7-6 
44-4 
21-1 
57-9 
34-6 
11-4 
48^2 
24-9 

1^7 
38-4 
15-2 
52-0 
28-7 

5-5 
42-2 
10-0 



No. of 
ChainB 



1 

2 
3 
4 

5 

H 

6 
6J 

7 

8 

8i 

9 

H 
10 

lOi 

11 

IH 

12 
12^ 



Bight-hand 
Beading 



2« 

4 

7 

9 

11 
14 
16 
19 
21 
23 
26 
28 
31 
33 
35 
38 
40 
42 
45 
47 
50 
52 
54 
57 
59 



23-2' 
46-5 

9-7 
32-9 
56-2 
19-4 
42-7 

5-9 
29-1 
52-4 
15-6 
38-9 

2-1 
25-3 
48-6 
11-8 
35-1 
58-3 
21-5 
44-8 

8-0 
31-3 
54-5 
17-7 
41-0 



TABLE III. 



3 DsQSBsa 














.TANGENTIAL ANGLES FOE 
CIKCULAR CUEVES. 




J' d 


'""' 


Cotaogiiit 


W 






11 


ii 




700 feet \ 




3 


1 


7 chaiiiB [ RadiL 




\ 


■oSiS? 


l8-*fi+4 




70 mStres ' 




\ 


■^147+ 


;i:© 


jj 


Bbnds. 






■o?ll} 


.8-1708 

IB'i)749 


so 


In one 66 feet chtun 3J inches 




" 


■"ssSi 




S 


RailalS „ lengths J „ 




;* 




s 


In one 100 „ chain 6( „ 
RwU 18 „ len^a \\ „ 




\ 


■oi7o» 


1 J- 5 10s 




StrpKaBLKTAnoN op Itiiia. 




"9 




ii 

>roS!7 


!<J 


06 feet chain, 20 m. per hour Sj" 
100 feet chain, 25 m. per houi SJ" 




M 


■0,88} 


fe 

;^:;]ji 


18 






Left-hflnd 


No of 


HlBht-hrod 




*^ 


■DisTO 




Hooding 


CSuOns 


Bfflulliig 




^ 


^ 


:^:^; 


« 


357° 57-2' 


i 


2" 2-8' 




»9 




U'j^t 




355 54-4 


1 


4 5-5 




JO 


■rfiiS 


'fri49S 


JO 


353 51-7 


H 


6 8-3 




JJ 


!fS'*' 


la'iatl 


JS 


351 48-9 


2 


8 11-1 








.6-..89 


'^ 


8i9 4C-1 


2i 


10 13-8 




M 


;?:^ 




347 43-4 


3 


12 16-6 




?s 


■05,9. 


irBMf 


t4 


345 40-6 


3J 


14 19-4 




IS 


^'" 


!fS' 


JJ 


343 37-8 


4 


16 22-2 




39 


:S!S 




„ 


341 35-0 
339 32-3 


? 


18 24-9 
20 27-7 




£ 


3 

■tj6(i[ 


ifS 




337 29-5 


5i 


22 305 




« 






835 2G-7 


6 


24 33-3 




M 


's'sTO 




333 24-0 


ei 


26 36'0 




4< 


-C6S4Z 


!''1S 




831 21-2 


V 


28 38-8 




s 






329 18-4 


'i 


30 41-6 




« 


S 


11'^ 




3 7 15-6 


8 


32 44-3 




!I 


;^j= 


' 49144 


1 


325 12-9 
3 3 10-1 


? 


84 47-1 
30 49-9 




1 


■oS«i7 
■«is,7 






3 7-3 
3 9 4-5 


»1 

10 


38 52-7 
40 55-4 




i« 


■oSstS 






3 7 1-8 


Ml 


42 58-2 




!i 


■q69d( 

CotBOgnnt 


;*:*"; 




3 4 59-0 


11 


45 10 




g 


Tangent 


Sfi-o 


312 56-2 
310 53-5 

308 50-7 




47 3-7 
49 6-5 


\, 


86 Dkobbbs 
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18 DSOBEBS 


TANGENTIAL ANGLES FOR 






Tangent 


Ootangent 






I8« o 

I 


•32492 
•3i5H 
•31556 


ro776 
3*0746 


60' 
59 


CIRCULAR CURVES. 




% 


3 •0716 


58 






3 
4 


•31588 
•32620 


3*o685 
3^0655 


56 


7000 feet y 






5 


•32653 


3*0625 


55 


70 chains 


Radii. 




6 


•32685 


3^0595 


54 


700 mStreflJ 






7 


•32717 


3-0564 


53 






8 


•31749 


3*0534 


51 






9 


•32782 


3*0504 


51 


Bkmds. 




lO 


•32814 


3*0474 


50 






II 


•32846 


3*o*45 


49 


In one 66 feet chain 1} inches 




12 

t3 


•32878 
•32911 


3-0415 
3*0385 


48 




In one 100 „ chain 2^ ,^ 




14 


•31943 


3*0355 


46 






J5 


•31975 


3*0315 


45 






i6 


•33007 


l-^ 


44 


SUPEBELEYATION OF RaUS. 




17 


•33040 


43 






i8 
19 


•33072 
•3310A 


3*0137 
3-0207 


41 
41 


66 feet chain, 45 m. per hour H'' 




zo 

21 


•33136 
•33168 


3*0178 
3*0148 


40 
39 


100 feet chain, 60 m. per hour T' 




22 
13 


•33201 
•33133 


3^ou9 
3 •0000 


38 

37 














H 


•33166 


3^0061 


36 


Left-hand 


No. of 


Bight-hand 




15 


•33298 

•33330 
•33363 
•33395 


3-0031 

3*0002 

1*9973 
1*9944 


35 

9 A 


Beading 


Chains 


Beading 






34 
33 
31 


359° 35-4' 


1 


0^ 24-5' 




3^ 


•33417 


2-9915 


3« 


359 11-0 


2 


49-1 




JO 


•33460 


2*9886 


30 


358 46-3 


3 


1 13-6 




31 
3» 


•33491 
•33514 


1*9857 
2*9829 


19 
28 


358 21*8 


4 


1 38*2 




33 
34 
35 


•33557 
•33589 
•33621 


2*9800 

1*9771 
1*9743 


26 
15 


357 57*2 
357 32-7 


5 
6 


2 2-8 
2 27-3 




36 


•33686 
•337»9 


*'?Zo^ 


14 


357 8-1 


7 


2 51-9 




37 
38 


2^9685 
1*9657 


13 

22 


356 43-5 


8 


3 16-4 




39 


•33751 


2*9628 


21 


356 19-0 


9 


3 410 




40 


•33783 


2*9600 


20 


355 54-4 


10 


4 5-5 




41 
42 


•33816 
•33848 


1*9571 
1*9543 


;i 


355 29*9 


11 


4 30-1 




43 
44 
45 


•33881 
•33913 
•33945 


2-9515 
1*9+87 
1*9459 


15 


355 5-3 
354 40-8 


12 
13 


4 54-6 

5 19-2 




46 


•33978 


1*9430 


H 


354 16*2 


14 


5 43*8 




47 
48 


•34010 
•34043 


2 •9402 

1*9374 
1*9346 


13 

12 


353 517 


15 


6 8*3 




49 


•34075 


11 


353 27-1 


16 


6 32-9 




50 


•34108 


2^9318 


10 


353 2-5 


17 


6 57-4 




51 

51 


•34140 
•34»73 


1*9190 
2^9263 


9 
8 


352 38*0 


18 


7 220 




53 
54 
5S 


•34205 

•34138 
•34270 


1^9135 
2*9207 
2*9179 


I 

5 


352 13-4 
351 48*9 


19 
20 


7 46-5 

8 11-1 




56 


•34303 


2*9152 


4 


351 24*3 


21 


8 35-6 




57 
58 


•34335 
•34367 


2*9124 
1*9097 


3 

2 


350 59-8 


22 


9 0-2 




P 


•34400 


29069 


I 


350 35-2 


23 


9 24*8 




60 


•34433 
Cotangent 


2*9042 
Tangent 


71° 


350 10-7 


24 


9 49-3 












349 46-1 


25 


10 13-9 


/ 










/ 




71 De 


ORHES 




\ \ 









TABLE Zir. 




IM 


1 tg DiOBKEH 


TANGENTIAL ANGLES FOR 




Tingait 


Umgoit 




>9'tf 






6=- 


CmCULAB CUHVES. 










;»sj° 




57 


7500 feet 1 


J 


■!» 


JS 


75 chains Radii. 




■,46zB 


■887B 




750 metreaJ 




■!*»' 


■88,1 






i 


■H7!B 




i; 


Benbs. 




■1479' 


■Ml 


49 


In one 00 feet chain 1^ inches 


"i 




■8 rS 


4S 

I 


In one 100 „ cLain 2 „ 






■86n 






iS 




'8608 




ScFEBELEViTIOS OF RilLB. 


'7 


:ii6e7 


■S5B. 






l» 




::S!i 


*J 


6G feet chain, 45 m, pat hour \\" 


" 


■isoss 


-8i« 


40 


100 feet chMD, 50 m. per hour 1" 


I] 


:is 


1 


17 










14 


■iSll6 


■aj86 


iS 




Ho.(rf 


BlBhl-hand 


ts 


■31148 
■IIISI 

;!5f79 


■817° 

1 




Reftdlug 


Cbalu 


a=*dlDe 


31 


359^ 37^1' 


1 


0° 22^9' 


■9 




35'J U2 


2 


4S'8 






■8U9 


3D 


358 51-2 


3 


1 8-7 


V^ 


;!144* 


■Sin 


% 


358 28-3 


4 


1 31-7 


}1 


■i"'" 


■Sj6i 


S 


358 5-4 


5 


I 54-6 


JJ 


■IIT^ 


■bIM 


357 42^5 


6 


2 17-5 


16 


■!!6o8 


■SiSl 




357 19-6 


7 


2 40-4 


jl 




a? 

■S«5 


U 


356 5G^6 
356 33^7 


8 
9 


3 3-3 

3 26-3 


V 


•iS7*0 


■7980 


" 


356 10-S 


10 


3 492 


*i 




■79" 

'Ti 


1 


355 47-9 
355 25-0 


11 
12 


4 12-1 
4 35-0 


tt 


;ii87' 


■78S» 


15 


355 21 


13 


4 57-9 


4i 




■78.6 




354 39-1 


14 


5 20-8 


s 


:'? 


:;s 


;j 


354 162 


15 


5 43 8 








333 53^3 


16 


6 6-7 


10 


■ffcU 


■77»S 


10 


353 30-4 


17 


6 29-6 


J; 


■S: 


:?^" 


i 


353 7-5 


18 


6 52-5 




■,.,!, 


■76U 


g 


352 44-5 


19 


7 15^4 


JJ 


:iSg 




352 2L6 


20 


7 38-4 


(fi 


■16^1 


■7m 


4 


351 58-7 


21 


8 1-3 




■16198 


7549 




351 35-8 


22 


8 24-2 




351 12-9 


23 


8 47-1 


■35(97 


■7474 


70= = 


850 50-0 


24 


8 ]0-U 






lagont 




350 ^iT'O 


'i.n \ S. na-'i 


TO Dbobbks 





132 



TABLE III. 



18 DSOBEBS 




Tangent 


Cotangent 




I8« O 


•32492 


ro776 


60' 


I 


•315H 
•31556 


3 •0746 


59 


^ 


30716 


58 


3 


•31588 


3^o685 


57 


4 


•32620 


3-0655 


56 


5 


•32653 


3-0625 


55 


6 


•32685 


3^0595 


54 


7 


•32717 


3-0564 


53 


8 


•31749 


3-0534 


51 


9 


•31781 


3-0504 


51 


10 


•32814 


3-0474 


50 


II 


•32846 


3-0445 


49 


12 


•32878 


3-0415 


48 


tj 


•32911 


3-0385 


+7 


»4 


•31943 


3-0355 


46 


15 


•31975 


3-0315 


45 


i6 


•33007 


3*0266 


44 


17 


•33040 


43 


i8 


•33072 


3-0237 


41 


19 


•33104 


3-0207 


41 


zo 


•33136 


3-0178 


40 


21 


•33168 


3-0148 


11 


22 


•33201 


3^oii9 


»3 


•33133 


3^0090 


37 


24 


•33166 


3^0061 


36 


15 


•33198 


3^0031 


35 


26 


•33330 


3-0002 


34 


27 


•33363 


1^9973 


33 


28 


•33395 


1*9944 


32 


3^ 


•33417 


1-9915 


3« 


30 


•33460 


2-9886 


30 


31 


•33491 


2-9857 


19 


3i 


•33514 


2*9829 


28 


33 


•33557 


2-9800 


17 


34 


•33589 


2-9771 


26 


35 


•33621 


1'9743 


15 


36 


•33686 


a-9714 


24 


37 


2-9685 


13 


38 


•337»9 


2-9657 


22 


39 


•33751 


2-9628 


21 


40 


•33783 


2-9600 


20 


41 


•33816 


1*9571 


19 


42 


•33848 


1*9543 


18 


43 


•33881 


2-9515 


\l 


44 


•33913 


1-9487 


45 


•33945 


1-9459 


>5 


46 


•33978 


2-9430 


14 


47 


•34010 


2-9402 


13 


48 


•34043 


1*9374 
1-9340 


12 


49 


•34075 


II 


50 


•34108 


2-9318 


10 


51 


•34140 


2-9200 
2-9263 


9 


51 


•34»73 


8 


53 


•34205 


2-9235 


7 


54 


•34138 


2-9207 


6 


55 


•34270 


2-9179 


5 


56 


•34303 


2-9152 


4 


57 


•34335 


2-9124 


3 


58 


•34367 


2-9097 


2 


f9 


•34400 


29069 


I 


60 


•34433 


2-9042 


7i*» 




Cotangent 


Tangent 





/ 



71 Degrees 



TANGENTIAL ANGLES FOR 
CIRCULAR CURVES. 

7000 feet ' 
70 chains ■ RadiL 
700 metres' 

Bkstds, 

In one 66 feet chain If inches 
In one 100 „ chain 2^ ,^ 

SUPEBELEYATION OF RaILS. 

66 feet chain, 45 m. per hour 1^'^ 
100 feet chain, 50 m. per hour I 



// 



Left-hand 
Beading 



359° 

359 

358 

358 

357 

357 

357 

356 

356 

355 

355 

355 

354 

354 

353 

853 

353 

352 

352 

351 

351 

350 

350 

350 

349 



35-4' 
11-0 
46-3 
21-8 
57-2 
32^7 

8-1 
435 
19-0 
54-4 
29-9 

5-3 
40-8 
16*2 
51-7 
271 

25 
38^0 
13-4 
48-9 
24-3 
59-8 
35-2 
10-7 
46-1 



No. of 
Chains 



\ 



1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



Bight-hand 
Beading 



\ 



0° 


1 

1 

2 

2 
2 
3 
3 
4 
4 
4 
5 
5 
6 
6 
6 
7 
7 
8 
8 
9 
9 
9 
10 



24-5' 
49-1 
13-6 
382 

2-8 
27-3 
51-9 
16-4 
41-0 

5-5 
30*1 
54-6 
19-2 
43*8 

8-3 
32-9 
57-4 
220 
46-5 
11-1 
356 

02 
24-8 
49-3 
13-9 



A 









TABLE Iir. 




ISS 


] 19 Di^R^ 


lANGENTLiL ANGLES FOR 




Tangent 


tangent 




,^d 


■WIJ 






CmCULAE CURVES. 




■Mfjo 


S; 


17 


7500 faet \ 




* 


:i» 


:|; 


(S 


75 chiuna I Rniiii. | 




.,4618 


■8873 




750 metrefl) 






■nib, 


;S»!T 








» 


■J47S8 




I 


BEBDa. 








•B7« 


w 


In one 60 f«et chiun IJ inches | 


]] 


■}^S^ 


S 


4» 


In one 100 „ chni. 


1 2 „ 




;nS8fl 


'B661 






















■S6=B 




STJPERELET*TIOtf 


IT Rails. 


\l 




■l,U 










;""° 


g 


4^ 


60 feet chain, 45 m. per hour IJ" I 


10 


■!iO»I 




40 


100 feet chaio, 50 m. per hour 1" | 






■847! 


!9 






11 


•is'ai 


:S! 


38 














-];ii6 


■i,g6 


)^ 




No.ot 


Blebt-h&nd 


" 


■15148 


■S14J 


" 


Bcftdliig 


Cholu 


E»dtag 














\l 


|!2 


:ii? 




359" 37'1' 


1 


0= 22-9' 




.2; 


jt 


359 14^2 


2 


46-8 






■8119 




358 51-2 


3 


1 87 


IJ 


;iit+4 


I'si 


if 


358 28-3 


4 


1 317 


J! 


■'(!" 


■ai6l 


u 


358 5-4 


5 


I 54-G 


IJ 


:!S8 


■sloe 


357 425 


G 


2 17-5 


l6 


■i;6oS 






357 19'C 


7 


2 40'4 


17 


;h67* 


■«0i7 


IJ 


356 56'6 


8 


3 33 


■^!1 


" 


350 337 


9 


3 26'3 






■7980 




35G 10'8 


10 


3 49^2 


JJ 


■HtoJ 


■791B 


\t 


355 47'9 


11 


4 12-1 




■»B!8 




[J 


355 250 


12 


4 35'0 


+i 


■iiS7l 


■tIsJ 




855 21 


13 


4 57'9 


4^ 


■ifcd 


■7S1S 




354 39-1 


14 


5 20-8 


4« 


;g 


i! 


354 U-i 
358 53'3 


15 
16 


5 43-8 

6 67 








353 30-4 


17 


6 29-6 


i; 


:i6;^; 


■?i^ 


1 


353 7-5 


18 


6 52-5 




46,1! 


■7449 


J 


352 445 


19 


7 15-4 


Ij 


■I6I99 
-j6m 


■761+ 




352 21-e 


20 


7 38-4 


S6 


■j6i5s 


7!7t 




851 58-7 


21 


8 1-3 


(9 


■J6.98 
■!6»1 
■56 (&t 


yu9 




351 35-8 


22 


8 24-2 


1¥fi 




351 12-9 


23 


8 47' 1 


a3 


■J4)97 




70=0 


350 50-0 


24 


9 10-0 










350 il'O 


^^v 


^ 'i ^n,'^ 


70 Ddobres 





184 



TABLE IIL 



20 Dbobbbs 



I 

* 

3 

4 
5 

6 

i 

9 
lo 

II 

IX 

ij 
«4 
15 

i6 

:i 

'9 
xo 

XI 
X2 

aj 
a4 
*5 

x6 

ti 

X9 

JO 

Ji 
1* 
33 
34 
35 

36 

IS 
39 
40 

41 
4» 
43 
4i 
45 

46 

49 
50 

51 
5* 

53 
54 
55 

56 



Taagcot 

•36397 
•36430 

•36463 
•36496 

*3O50X 

:i^ 

•36661 

•36694 
•36717 

•36760 

•368x6 
•36859 
*3689X 

•369*5 

•36958 
•36991 

•370x4 
•37057 

•37090 
•37113 

•37»57 
•37190 

•37113 

•37156 
•37M9 

'373** 
•37355 
•37388 

•374** 
•37455 
•37488 
•37511 

•37554 

•37687 
•37610 

•37654 
•37687 
•377*0 

•37754 

•37787 
•37810 

•37853 
•37887 

•379*0 
•37953. 
•3: 



•3« 
•38053 

•38086 
•38110 

•38153 
•38186 
•38110 

•38153 
•38186 
•383*0 

•38353 
•38386 

Cotangent 



i'67ix 
x*6698 
x-6675 
x*665i 
x*66i8 

1*6604 
X'6581 
x-6557 

16534 
X'6510 

x-6487 
x*6464 
X'6440 
X'6417 

x-6394 

x*637i 
x'6348 
x*63i5 
x*63ox 
x*6i79 

1*6156 
1*6133 
1*6210 
1*6187 
X'6164 

x*6i4i 
1*6118 
x'6096 

1*6073 
1*6050 

Tangent 



60^ 

55 

54 
53 
5* 
51 

50 

45 

44 
43 
41 

41 

40 

3 

3 
35 

34 
33 

3* 
31 

30 



15 

H 
*3 

11 
XI 

xo 

\t 
\l 

15 

14 
13 

IX 

II 

10 

I 
I 

5 

4 
3 

X 

69° o 



69 DsoRSBa 



TANGENTIAL ANGLES FOR 
OmCULAH CURVES. 

Radius 80 chaina 

BSNDS. 

In one 66 feet chain 1^ inch 
In one 100 „ chain 1| ,, 

Sttfebbleyation of Rails. 

66 feet chain, 60 m. per hoar 1^^' 
100 feet chain, 60 m. per hoar V 



Left-hand 
Beading 



359*=^ 


38-5' 


359 


17^0 


358 


555 


358 


341 


358 


126 


357 


511 


357 


29^6 


357 


81 


356 


46-6 


356 


251 


356 


36 


355 


42^2 


355 


20-1 


354 


59^2 


354 


37-7 


354 


16-2 


353 


54-7 


353 


33-2 


353 


11-8 


352 


50-3 


352 


28-8 


352 


7-3 


351 


45-8 


351 


24-3 


351 


2^8 



Kg. of 
Chains 



\ 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Bight-hand 
Bfiading 



\ 



0** 


1 
1 
1 

2 
2 

2 
3 
3 
3 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 



215 
430 

4-4 
259 
47^4 

89 
304 
51-9 
13^4 
349 
56-3 
17-8 
39-8 

0-8 
22-3 
48-8 

5-3 
26-7 
48-2 

9-7 
312 
52-7 
14-2 
35-7 
571 









TABLE IIL 




IBS 


21 VSOBEES 


TANGENTIAL ANGLES FOE 




T^Qf^t 


Coungmt 




11" o- 


■IBJM 
■,84JO 


:a 


19 


CIRCULAR CURVES. 












I 


■JS4II7 


JSJ 


8 


Badiua 86 chBoiia, 




■l9«! 


i-ssiS 








■,Si37 


I- 5870 

l-l!l6 






I 


■186IO 
■18711 


]l 


BmniH. 


» 


;° 


In one 66 feet chwn IJ incli 


ii 

i6 


■3 "7!* 

:iE! 


i;[78' 




In one 100 „ chain Ij „ 
SuwaiELETAnoN OF Rails. 


u 


:!Si 


1-5670 


♦> 


68 feet chain, 60 m. per hour li" 


'9 




1H81 


^ 


100 feet chain, 50m. per hotu 1" 


« 


■wJl6 


l-Si6o 


'^ 










14 


-tqi86 


ili.6 


5^ 


Laft-hud 


Ho. of 


Eigbt-huid 


** 


■J9"J 


»'5«5 




K»dinB 


Ch«in, 


E«dl,« 
















s 

*9 








859" 89-8' 


1 


0° 20-2' 


■191 i7 


i:^S 


J 


359 19'5 


2 


40-4 


JO 


■IW 


'■Ii«S 




358 59'3 


3 


1 0-6 


1 




i-jja« 


^ 


358 39'1 


4 


1 20-8 


3 


l-s'll 


? 


358 18-9 


5 


I 41-1 


* 


■JMifi 


l-llT* 


357 58-7 


6 


2 1-3 


}A 


■i 


J.J, 


^ 


357 38-4 


7 


2 21-5 


11 






357 18-2 


8 


2 41-8 




:g 


I'jigi 


" 


356 58-0 


9 


S 2-0 


to 








356 87-8 


10 


S 22-2 


I 


■,976. 


i?Il8 




35fi 17-5 
355 57-3 


11 
12 


3 42-4 

4 2-6 


H 


;iS 


355 37-1 


13 


4 22-9 


4« 




l'S°M 


■4 


355 IG'9 


14 


4 43-1 


*l 


■IM^i 






354 5G-7 


15 


5 S-3 


4* 

« 


s 


i;,98° 


!t 


354 36-4 


]6 


5 23-5 








354 IC'2 


17 


5 43 8 


*' 


■4=098 


1-49,8 


g 


353 56-0 


18 


6 4-0 




i-js;^ 


7 


353 35-8 


19 


6 24-2 


JJ 


■J^ 


1-487S 


t 


353 15-6 


20 


e 44-4 


ss 


-4Q1S7 


1-48M 




352 55-3 


21 


7 4-7 


Ji 

iS 


■4D101 


«;48l| 


3 


352 35-1 


22 


7 24 9 


;w69 


i'*"^ 




352 14-9 


23 


7 45-1 








351 54-7 


24 


8 53 




[toungrat 


Tangmt 




351 Si-a \ 1.^ \ •& tV^^ 


68 Cbobsgs 



ia6 




TABLE IIL 








22 Dbobbbs 


23 Degbsm 


24 Dbobbbs 






Tangent 


Cotangent 


Tangent 


Cotangent 


; TUigent 


Ootangent 






d 


•40403 


2^4750 


•4H47 


2-3558 


•4451* 


fti46o 


60 




I 


•40436 


2-4730 


•42481 


1*3539 


•44557 


»i44» 


59 




a 


•40470 


2-4709 


•42516 


2-3520 


•4459* 
•4P17 


»14*5 


58 




3 


•40504 


2-4688 


•42550 


2-3501 


f2407 


% 




4 


•40538 


2-4668 


•41584 


2-3482 


•44664 


f2390 




5 


•40572 


2-4647 


•42619 


2-3463 


•4*697 


f237» 


Si 




6 


•40606 


2-4627 


•42653 


i'34+* 


•4473* 


**»355 


54 




7 
8 


•40640 
•40673 


2-4606 
24585 


•42688 
•42722 


2-342< 

2*3406 


;4^ 


f2j37 

A^2320 


53 
51 




9 


•40707 


2-4565 


•42756 


2-3388 


•4*836 


X'XiOi 


51 




10 


•40741 


a*4545 


-4179* 


2-3369 


•44871 


2*X285 


50 




II 

12 


•40775 
•40809 


2-4524 
2.4504 


•42825 
•42860 


2-3350 
1*3331 


•44006 
•44941 


x*X268 

^•225I 


% 




n 


•40843 


2-4483 


•41894 


2-3313 


•44976 


*^223J 
2*2210 


% 




14 


•40877 


2.4463 


•42928 


23294 


•4501 1 




>5 


•40911 


»*4443 


-42963 


2-3275 


•45046 


***I99 


45 




i6 


•40945 


2-4422 


•41997 


2-3256 


•45081 


2^2l8l 


44 




"7 


•40979 


2-4402 


•43032 


2-3238 


•451 16 


2^2l64 


43 




i8 


•41013 


2-4382 


•43066 


2-3219 


•45151 


r2i47 


44 




"9 


•41047 


2-4362 


-43101 


2-3201 


•45186 


2-2130 


4" 




20 


•41081 


2-4342 


•43135 


2-3182 


•45221 


2-21 1 3 


40 




21 


•41115 


2-4322 


-43170 


2-3164 


-45156 


2*2096 


IS 




22 


•41149 


2-4301 


-43204 


13145 


-45291 


2-2079 

2-2061 




23 


•41183 


2-4281 


•43139 


2-3127 


-45326 


li 




»4 


•41217 


2*4261 


•43173 


2*3108 


•45362 


2-2044 




as 


•41251 


2-4141 


•43308 


2*3090 


•45397 


2-2027 


35 




26 


•41285 


2-4221 


•43341 


2*3071 


•45431 


2-2010 


34 




17 


•41319 


2*4201 


•43377 


2*3053 


•45467 


2-1991 


33 




28 


•4>353 


2-4181 


•43412 


2-3035 


-45502 


2-1976 


3* 




29 


•41387 


2-4162 


•43446 


2-3016 


•45537 


2-1959 


31 




30 


•41421 


2-4142 


•43481 


2*2998 


•45571 


2-1942 


30 




31 


•41455 


2*4122 


•43515 


2*2980 


•45607 


2-1926 


S 




V- 


•41489 


2-4102 


•43550 


2*2961 


-45642 


2*1909 




33 


•41514 


2-4082 


•43585 


2*2943 


-45678 


2*1892 


^i 




34 


•41558 


2-4062 


•43619 


2*2925 


•45713 


2-1875 




35 


•41591 


2-4043 


•43654 


2*2907 


•45748 


2-1858 


»5 




36 


•41626 


2-4023 


•43688 


2*2889 


•45783 


2-1841 


H 




37 


•41660 


2-4003 


•43713 


2*2870 


-45818 


2-1825 


13 




38 


•4x694 


2-3984 


•43758 


2*2852 


•45853 


2-1808 


22 




39 


•41728 


2-3964 


•43791 


2*283^ 
2*2816 


-45889 


2-1791 


21 




40 


•41762 


2-3944 


•43817 


•45914 


2-1774 


20 




4« 


•41797 


2-3915 


•43862 


2*2798 


•45959 


2-1758 


:i 




4* 


•41831 


2-3905 


•43896 


2*2780 


•45994 


2-1741 




43 


•41865 


2-3886 


•43931 


2*2762 


•46030 


2-1724 


:i 




44 


•41899 


2-3866 


•43966 


1*1744 
2*2726 


•46065 


2*1708 




45 


•41933 


2-3847 


•44001 


•46100 


2*1691 


15 




46 


•41968 


2-3827 


•44035 


2*2708 


•46135 


**'575 


14 




Ji 


•42001 


2-3808 


•44070 


2*2690 


•46171 


2*1658 


13 




•42036 


2-3789 


•4*105 


2*2673 


-46206 


2*1641 


12 




49 


•42070 


2-3769 


•4*140 


2*2655 


•46241 


2*1625 


II 




50 


•42115 


2-3750 


•44174 


2*2637 


•46277 


2*1608 


10 




51 


•42139 


2-3731 


•44209 


2*2619 


•46312 


2-1591 


1 


• 


5» 


•42x73 


2*3711 


.44144 


2*2601 


•46347 


2*1576 




53 


•42207 


2*3692 


.44179 


2*258d 

2*2566 


•46383 


2*1559 


7 




54 


•42242 


2-3673 


•4*313 


•46418 


2*1543 


6 




55 


•42276 


2-3654 


•4*348 


2*2548 


•46453 


2*1526 


5 




56 


•42310 


2*3634 


•44383 


2-2530 


-46489 


2*1510 


4 




?? 


•4*34* 


2*3615 


.444,8 


2*2513 


-46524 


2*1494 


3 




•4*379 


2*3596 


•44453 


2*2495 


•46559 


2-1477 


A 




|9 


•42413 


i'3577 


•44488 


2*2477 


•46595 


2*1461 


I 




60 


•42447 


2*3558 


•44511 


2*2460 


-46630 


2-1445 







1 


Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 






57 i)£Gi2EES 


66 DEG11P.E3 \ 


\ ^' 


> D'a^^'Sfi! 


& 


\ 
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25 DBGRBEfl 


26 Deobess 


27 Deobees 




Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 




d 


'^13 


x-14^5 


•48809 


2-0503 


•50952 


r9626 


60' 


I 


•46666 


z^i428 


2-0487 


•50989 


1*9612 


59 


X 


•46701 


2*1412 


•48845 


2-0472 


•5i<a5 


1^9597 


58 


3 


.46737 


21396 


•48881 


2-0457 


•51062 


i^9583 


^2 


4 


•46772 


2*1380 


•48917 


2-0444 


•51099 


1^9569 


56 


5 


•46807 


2-1363 


•48953 


2-0427 


•5"35 


1^9555 


55 


6 


•46843 


V1347 


•48989 


2-041Z 


•51172 


1^9541 


54 


7 


•46878 


V1331 


•49025 


2-0397 


•51200 


i^95*7 


53 


8 


•46914 


2-1315 


•49061 


2*0382 


•51246 


r95i3 


5* 


9 


•46949 


2^I299 


•49097 


2*0367 


•51282 


I •9499 
, i^9485 


51 


lO 


•46985 


2*1283 


•49133 


2*0352 


•51319 


50 


II 


•47020 


2^I267 


•49160 
•49206 


2-0337 


•51356 


f947i 


49 


11 


•47056 


2*1251 


2*0322 


'51393 


1*9457 


48 


>3 


•47091 


2-1235 


•49242 


2-0307 


■'s\^ 


1*94*3 


% 


>4 


•47127 


2*1219 


•49278 


2-0292 


1*9430 


15 


•47163 


2-1203 


•49314 


2-0277 


•51503 


f94i6 


45 


i6 


•47198 


2*1187 


•49350 


2-0263 


•51540 


r9402 


44 


17 


•47*34 


2*1171 


•49386 


2-0248 


•51577 


1^9388 


43 


i8 


•47269 


2*1155 


•494*3 


2-0233 


•5I6I3 


1*9374 


4* 


19 


•47305 


2II39 


•49459 


2-0218 


•51650 


r936o 


41 


zo 


•47340 


2*1123 


•49495 


2-0203 


•51687 


1*9347 


40 


£1 


•47376 


2*1107 


•49531 


2*0189 


•51724 


"•9333 


II 


Z2 


•47412 


2*1091 


•49567 


2^0174 


•51761 


f93i9 


13 


•47447 


2*1075 


•49604 


2-0159 


•51798 


1^9305 


^l 


24 


•47483 


2*1059 


•49640 


2-0144 


•51835 


f929i 


36 


45 


•47519 


2*1044 


•49676 


Z-OI30 


•51871 


1*9278 


35 


26 


•47554 


2*1028 


•49712 


i-oii5 


•51908 


1*9264 


34 


»7 


•47590 


2*1012 


•49749 


2-0100 


•51945 


r925o 


33 


28 


•47626 


i-0996 


•49785 


Z-0086 


•51982 


1-9237 


3* 


29 


•47661 


20981 


•49821 


2-0071 


•52019 
•52050 


1-9223 


31 


30 


•47697 


2^0965 


•49858 


2-0056 


1*9*09 


30 


31 


•47733 


2*0949 


•49894 


2-0042 


•5*093 


^9196 


^ 


3» 


•47768 


2*0934 


•49930 


2*0027 


•52130 


1^91 82 


33 


•47804 


2*0918 


•49967 


2*0013 


•52167 


f9i68 


% 


34 


•47840 


2*0902 


•50003 


1*9998 


•52204 


1-9155 


35 


•47876 


2*0887 


•50039 


1*9984 


•5**4i 


1-9141 


*5 


36 


•479" 


2*0871 


•50076 


1*9969 


•5**78 


I •9128 


*4 


37 


•47947 


2*0856 


•50112 


r9955 


•5*315 


1-9114 


*3 


38 


•47983 


2*0840 


•50149 


1-9940 


•5235* 


I •9101 


22 


39 


•48019 


2*0824 


•50185 


1*9926 


•5*389 


1-9087 


21 


40 


•48055 


2*0809 


•50221 


1*9911 


•52426 


1*9074 


20 


41 


•48090 


2*0793 


•50258 


1*9897 


•52464 


1-9060 


'2 


4* 


•48126 


2*0778 


•50294 


1*9882 


•52501 


1-9047 


18 


43 


•48162 


2*0763 


•50331 


1*9868 


•52538 


1-9033 


'Z 


44 


•48198 


2*0747 


•50367 


1*9854 


•5*575 


1-9020 • 


16 


45 


•48234 


2-0732 


•50404 


i^9839 


•52612 


1^9006 


15 


46 


•48270 


2-0716 


•50440 


1*9825 


■^ 


18993 


14 


47 


•48306 


2*0701 


•50477 


1*9810 


r898o 


13 


48 


•48341 


2*o685 


•50513 


1*9796 


•52724 


1-8966 


12 


49 


•48377 


2-0670 


•50550 


1*9782 


•52761 


1-8953 


II 


50 


•48413 


2*0655 


•50586 


1*9768 


•5*798 


1*8939 


10 


5' 


•48449 


2*0640 


•50623 


1*9753 


•5*835 


1*8926 


1 


5a 


•48485 


2*0624 


•50659 


1*9739 


•52872 


f89i3 


53 


•48511 


2*0609 


•50696 


1*9725 


•52910 


1^8900 


I 


54 


•48557 


2*0594 


•50732 


1-9711 


•5*947 


1-8886 


55 


•48593 


2*0578 


•50769 


1-9696 


•5*984 


1-8873 


s 


56 


•48629 


2*0563 


•50806 


r9682 


•53021 


1-8860 


4 


57 


•48665 


2*0548 


•50842 


r9668 


•53059 
•53096 


1-8846 


3 


58 


•48701 


2*0533 


•50879 


r9654 


1-8833 


a 


59 


•48737 


2*0518 


•50915 


1-9640 


•53133 


1-8820 


I 


60 


•48773 


2*0503 


•50952 


1*9626 


•53170 


1-8807 







Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 


Tan^secivk. 


V 


( 

. 


54 Dbgrk 


ES 


63 Dl 


aOBE^S 


\\ ' 


saiywKK 


SS& 
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TABLE IIL 



12 Dbobees 



/ 



12* d 
I 

% 
3 
4 
5 

6 

I 

9 
lo 

II 

I£ 

«3 
14 
IJ 

i6 

>7 
18 

19 

zo 

21 
22 
aj 
14 
»J 

26 
27 
28 
29 
30 

31 
J» 

33 
34 
35 

36 

37 
38 

39 
40 

41 
4* 
43 
44 
45 

46 

47 
48 

49 
50 

51 
5» 
53 
54 
55 

56 

57 
58 

60 



/ 



Tangent 

*2I256 
'21286 

'21316 

•11347 
•21377 

'21408 

•21438 
•21469 
•21499 
•21529 
•21 559 

'21590 
'21621 
•21651 
•21682 
•21712 

•21743 
•21773 
•21804 
•21834 
•21864 

•21895 
•21925 
•21956 
•21986 
•22017 

'22047 
•22078 
•22108 
•22139 
•22169 

•22200 

r222|I 

•22261 
•22292 
'22322 

•22353 

■22383 
'22414 
'21444 

•22475 

•22505 
•22536 
•22567 
'22597 
•22628 

•22658 
•22689 
'22719 
'22750 
'22781 

'228II 
'22842 
•22872 
'22903 
'22934 

'22964 
•22995 

•23016 
•23056 
•23087 

Cotangent 



Cotangent 

47«h6 
4*5979 

S' 

4-6778 
4*6712 

4-6645 

4-6579 
4-6513 

4-6448 
4-6382 

4-6317 
4-6251 

4'6i86 

4-6121 

4-6057 

4*599* 
4-5928 
4-5864 
4-5800 
4*5736 

4-5672 
4-5609 

4*5545 
4-5482 

4*5419 

4-5356 
4-5294 
4-5231 
4*5169 
4-5107 

4*5045 
4-4983 
4'492i 

4-4860 
4-4798 

4-4676 
4-4615 

4*4554 
4*4494 

4*4433 
4*4373 
4*4313 
4*4153 
4*4193 

4*4133 
4*4074 
4*4015 
4*3955 
43896 

4-3838 

4*3779 
4-3720 

4-3662 

43604 

4*3545 
4*3487 
4*3430 

4*337* 
4*3314 

Tangent 



60^ 
5 



55 

54 
53 
5» 
5» 

50 

J? 

45 

44 

43 
4a 

41 
40 

39 
38 

12 

35 

34 
33 
31 
3» 
30 

26 
15 

^3 
22 
21 
20 

>9 
18 

15 

14 

>3 
12 
II 
10 

I 
I 



4 
3 

2 

77° o 



TANGENTIAL ANGLES FOR 
GIRGULAR GURYES. 

4000 feet \ 
40cliiiiii8 l-RadiL 
400m6tre8i 



Bknss. 

In one 66 feet chain 2^ 1 

Rails 18 ff lengths ^ j^ 

In one 100 jj chain 8} ^^ 

Rails 18 yf lengths ^ ^ 

SUFEBELEYATIOK OT "BLAUM, 

66 feet chain, 45 m. per hour 9f' 
100 feet chain, 60 m. per hour 2^ 



it 



Left-hand 
Beading 



I 



77 Djbobees 



I 



359° 

358 

357 

357 

356 

355 

354 

354 

353 

352 

352 

351 

350 

349 

349 

348 

347 

347 

346 

345 

344 

344 

343 

342 

842 



17-0' 
340 
511 

81 
25-1 
42-2 
59-2 
16-2 
33*2 
50-3 

7*3 
24*3 
41-4 
58-4 
15-4 
32-4 
49*5 

6-5 
23-5 
40-6 
57-6 
14-6 
31*6 
48-7 

5*7 



Ko.of 
Chains 



\ 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Blgh<r)i«ia 
BaadJng 



0** 
1 

2 
2 
3 

4 

5 

5 

6 

7 

7 

8 

9 

10 
10 
11 
12 
12 
13 
14 
15 
15 
16 
17 
17 



43-0' 
25-9 

8-9 
51-9 
34-9 
17-8 

0-8 
43-8 
26-7 

9-7 
52-7 
85-7 
18-6 

1-6 
44-6 
27-5 
10-5 
53-5 
86-5 
19-4 

2-4 
45-4 
28-3 
11-3 
54-3 
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13 Dbgbbbs 














TANGENTIAL ANGLES FOR 










ij» d 


Tangent 
•X3087 


4*3Ji4 


60^ 


CIRCULAR CURVES. 




•Z3117 
•XJ148 


4'3»57 
4*3100 


fi 


4500 feet \ 




•X3179 
•X3X09 


4*314* 
4-3085 


% 


45 chains -Radii. 




•X|»40 


4-3019 


55 


450 mStresi 


6 


•23171 


4*1971 


54 




i 


•a33i4 
•23332 


4-1015 
41859 


53 

5* 


Bemds. 


9 

lO 


•23363 
13393 


41803 
41747 


5« 

50 


In one 66 feet chain 2( inches 


II 

IX 


•*3455 


4-1691 
41635 


% 


Rails 18 „ lengths \ jf 


15 


•234«5 
•23J16 

•a3547 


41579 
4-2523 
42468 


45 


In one 100 „ chain 8^ „ 
Rails 18 „ lengths ^ „ 


16 


•23578 


4**4n 


44 




:2 


•23608 


41358 


43 


SUPEBELBTATION OF RaILS. 


•23639 


4-2302 


4* 




"9 


•23670 


4-2248 


41 


66 feet chain^ 45 m. per hour 2f 


10 


•23700 


4-2193 


40 


21 


•23731 


4-2138 


12 


100 feet chain, 50 m. per hour 2^'^ 


XX 


•23762 
•*379l 


4-2084 

4-ioa9 




aj 








*4 


•23823 


4-1975 


Left-hand 


No. of 


Bight-hand 


as 


•23854 

•23885 
•23916 
•23946 

•a3977 
•24008 


4-1911 

4-1867 
41813 
4-1760 
4-1706 
4-1652 


35 


Rfsadlng 


Chains 


Beading 


X9 


34 
33 
3* 
31 


359° 21*8' 
858 43-6 


1 

2 


0** 38*2' 

1 16-4 


JO 


30 


358 5-4 


3 


1 54*6 


31 


•24039 
•24069 


4->599 
4-1540 


S 


357 27*2 


4 


2 32*8 


3S 


•24100 


4-*493 


% 

as 


356 49*0 


5 


8 11*0 


34 
35 


•24131 
•24161 


4-»440 
4-1387 


356 10*1 


6 


3 49*2 


36 


•24193 


4*>3?5 


*4 


355 82*6 


7 


4 27*4 


• li 


•24223 
•24254 


4*1281 
4-1230 


»3 
22 


854 54-4 


8 


5 5*6 


39 


•24285 


4*1177 


21 


854 16-2 


9 


5 43*8 


40 


•24316 


4'ii25 


xo 


353 880 


10 


6 220 


4> 
4^ 


•H347 
•H377 
•24408 

•a4*39 
•24470 


4*>073 
4*1021 


:g 


352 59*8 


11 


7 0-2 


43 
4* 
45 


4*0960 


»s 


352 21*6 
351 43-4 


12 
13 


7 88-4 

8 16-6 


46 


•24501 


4*0815 


«4 


851 5*2 


14 


8 54*7 


^' 


•24531 
•24562 


4*0763 


12 


850 27*0 


15 


9 82-9 


49 


•14593 


II 


349 48*8 


16 


10 111 


50 


•24624 


4*0610 


10 


849 10-6 


17 


10 49-8 


5> 


^ 


4-0559 
4-0509 

4-0458 

4-0408 

4*0357 


1 


848 82*4 


18 


11 27*5 


53 
54 
55 


.14717 
•24748 
•24778 


I 

5 


847 54*2 
847 160 


19 

20 


12 5*7 
12 43*9 


56 


•24809 


4*0307 


4 


846 87*9 


21 


18 22-1 


^ 


•24840 
•24871 


4*0257 
4*0107 


3 

2 


846 59*7 


22 


14 0-8 


g 


•24901 


4*0157 


I 


345 21*5 


24 


14 38*5 


•*4933 
Ciotangent 


4-0107 
Tangent 


76P 


844 43*8 
844 5*1 


25 
26 


15 16-7 

1 K KA*Q 


76 Dbobbbs 


^ \ ^ 
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TABLE III; 








22 Dbobbbs 


23 Dbobebs 


24 Dbobbbs 






Tangent 


Cotangent 


Tangent 


Cotangent 


: TUigent 


Ootangeat 






c/ 


•40403 


^•4750 


•41447 


2-3558 


i •4451* 


21460 


60 




I . 


•40436 


a^473o 


•41481 


1*3539 


•44557 


»144» 


59 




2 


•40470 


^'^"^ 


•42516 


2-3520 


•4459* 


JfM»5 


58 




3 


•40504 


2-4688 


•42550 


2-3501 


•44^7 


f2407 


S 




4 


•40538 


2-4668 


•41584 


2-3482 


•4466A 


f2390 




S 


•40572 


2-4647 


•42619 


2-3463 


•44697 


2-137* 


SS 




6 


•40606 


2-4627 


•42653 


i*34+f 


;4473» 


»*»355 


54 




i 


•40640 
•40673 


24606 
24585 


•42688 
•41711 


2-342< 

2-3406 


•448QA 


2-2J37 

2*2320 


53 
51 




9 


•40707 


2-4565 


•41756 


2-3388 


•44836 


2^2303 


51 




lo 


•40741 


»'4545 


•42791 


2-3369 


•44871 


2*2285 


50 




11 


•40775 


2-4524 


•41825 


2-3350 


•44006 


2^2268 


S 




12 


•40809 


2.4504 


•41860 


1*3331 


•44941 


2*2251 




13 


•40843 


1-4483 


•42894 


1*3313 


•44976 


2^223| 
2*22l6 


2 




14 


•40877 


1-4463 


•42928 


2-3294 


•45011 




>5 


•4091 1 


1-4443 


•42963 


2-3275 


•45046 


2-2199 


45 




i6 


•40945 


2-4422 


•41997 


2-3256 


•45081 


2-2l8l 


44 




"7 


•40979 


2-4402 


•43031 


2*3238 


•45116 


2^2164 


43 




18 


•41013 


2-4382 


•43066 


2*3219 


•45151 


i'»«47 


4* 




"9 


•41047 


2-4362 


•43101 


2*3201 


•45186 


2*2130 


4" 




20 


•41081 


2-4342 


•43135 


2*3182 


•45111 


2^21 13 


40 




21 


•41115 


2-4322 


•43170 


2*3164 


•45256 


2^2096 


It 




22 


•41149 


2-4301 


-43204 


2*3145 


-45291 


2-2079 
2'206l 




23 


•41183 


2-4281 


•43139 


2*3127 


-45326 


U 




H 


•41217 


2-4261 


•43173 


2*3108 


•45362 


2-2044 




»5 


•41251 


2-4241 


•43308 


2*3090 


•45397 


2^2027 


35 




26 


•41285 


2-4221 


•43341 


2*3071 


•45431 


2-2010 


34 




a? 


•41319 


2-4201 


•43377 


1*3053 


•45467 


2-1993 


33 




28 


•41353 


2-4181 


•43411 


2-3035 


•45501 


2-1976 


31 




29 


•41387 


2-4162 


•43446 


2*3016 


•45537 


2-1959 


31 




30 


•414*1 


2-4142 


•43481 


2*2998 


•45571 


2-1942 


30 




31 


•41455 


2-4122 


•43515 


2*2980 


•45607 


2*1926 


? 




3* 


•41489 


2-4102 


•43550 


2*2961 


•45641 


2*1909 




33 


•41524 


2-4082 


•43585 


2*2943 


•45678 


2*1892 


26 




34 


•41558 


2*4062 


-43619 


2*2915 


•45713 


2*1875 




35 


•41592 


2-4043 


•43654 


2*2907 


•45748 


2*1858 


*5 




36 


•41626 


2-4023 


•43688 


2*2889 


•45783 


2-184I 


H 




37 


•41660 


2-4003 


•43713 


2*2870 


'45818 


2*1825 


13 




38 


•41694 


2-3984 


•43758 


2*2852 


•45853 


2*1808 


22 




39 


•41758 


2-3964 


•43791 


2*283^ 
2*2816 


•45889 


21791 


21 




40 


•4176* 


1*3944 


•43827 


•45914 


2-1774 


20 




4« 
42 


•41797 
•41831 


2-3925 
2-3905 


•43862 
•43896 


2*2798 
2*2780 


•45959 
•45994 


2*1758 
2*1741 


\t 




43 


•41865 


2-3886 


•43931 


2*2762 


-46030 


2-1724 


\l 




44 


•41899 


2-3866 


•43966 


1*1744 
2*2726 


-46065 


2*1708 




45 


•41933 


2-3847 


•44001 


-46100 


2*1691 


15 




46 


•41968 


2-3827 


•44035 


2*2708 


•46135 


21675 


14 




% 


•42001 


2-3808 


•44070 


2*2690 


•46171 


2*1658 


13 




•42036 


2-3789 


•44105 


2-2673 


•46206 


2*1641 


12 




49 


•42070 


2-3769 


•44140 


2*2655 


•46241 


2*1625 


II 




50 


•42115 


2-3750 


•4*174 


2*2637 


•46277 


2*1608 


10 




51 


•42139 


2-3731 


•44209 


2*2619 


•46312 


2-1591 


9 




51 


•42173 


2*3711 


•44144 


2*2601 


•46347 


2-1576 


8 




53 


•42207 


2*3692 


•44179 


2*258^ 
2*2560 


•46383 


2*1559 


7 




54 


•42242 


2*3673 


•4*313 


•46418 


2*1543 


6 




55 


•42276 


2*3654 


•44348 


2*2548 


•46453 


2*1526 


5 




56 


•42310 


2*3634 


•44383 


2^2530 


•46489 


2*1510 


4 




57 


•41344 


2*3615 
2*3596 


-44418 


2*2513 


•46524 


1*1494 


3 




58 


•41379 


•44453 


2*2495 


•46559 


2-1477 


2 




|9 


•41413 


i'3577 


-44488 


2*2477 


•46595 


2*1461 


I 




60 


•42447 


2-3558 


•44522 


2*2460 


•46630 


2-1445 









Cotangent 


Tangent | 

■ 


Cotangent 


Tangent 


Cotangent 


Tangent 






57 Degrees 


66 Begkbes ^ 


\ "' 


» D^K^^'SH 


h 


\ 







TABLE III. 




137 


i 

4 


15 Degbbes 


26 Dbokees 


27 Dbobbes 




Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 




d 


'4^50 


a*i445 


•48809 


2*0503 


•50952 


1^9626 


60' 




•46666 


2*1428 


2*0487 


•50989 


f96i2 


% 




•46701 


2*1412 


•48845 


2*0472 


•51025 


1^9597 




.46737 


21306 
2*1380 


•48881 


2*0457 


•51062 


r9583 


H 




•46772 


•48917 


2*0442 


•51099 


1-9569 


56 




•46807 


2*1363 


•48953 


2*0427 


•51135 


^•9555 


55 


6 


•46843 


2*1347 


•48989 


2*0412 


•51171 


1^9541 


54 


I 


•46878 


2*1331 


•49025 


2*0397 


•51200 


1*9527 


53 


•46914 


21315 


•49061 


2*0382 


•51246 


1*9513 


51 


9 


•46949 


2*1299 
2^I283 


•49097 


2*0367 


•51282 


i'9499 


51 


lO 


•46985 


•49133 


2*0352 


•51319 


. '•9485 


50 


II 


•47020 


2*1267 


•49169 
•49206 


2*0337 


•51356 


1*9471 


^ 


12 


•47056 


2*1251 


2*0322 


'51393 


1*9457 


14 


•47091 
•47137 


2*1235 

2*1219 


•49242 
•49178 


2*0307 
2*0292 


'•^^^ 


1*9443 
1*9430 


% 


15 


•47163 


2*1203 


•49314 


2*0277 


•5150J 


1*9416 


45 


i6 


•47198 


2*1187 


•49350 


2*0263 


•51540 


1*9402 


44 


17 


•47134 


2*1171 


•49386 


2*0248 


•51577 


1*9388 


43 


18 


•47x69 


2*1155 


•49413 


2*0233 


•51613 


i*9374 


42 


19 


•47305 


2*1X39 


•49459 


2*0218 


•51650 


1*9360 


41 


20 


•47340 


2*1123 


•49495 


2*0203 


•51687 


1*9347 


40 


21 


•47376 


2*1107 


•49531 


2*0189 


•51724 


1*9333 


li 


22 


•47412 


2*1091 


•49567 


2*0174 


•51761 


1^9319 


aj 


•474*7 


2*1075 


•49604 


2*0159 


•51798 
•51835 


1-9305 


K 


24 


•47483 


2*1059 


•49640 


2*0144 


1-9291 


36 


as 


•47519 


2*1044 


•49676 


2*0130 


•51871 


1-9278 


35 


26 


•47554 


2*1028 


•49712 


x*oii5 


•51908 


1-9264 


34 


27 


•47590 


2*IOI2 


•49749 


2*0100 


•51945 


1-9250 


33 


28 


•47626 


2*0996 


•49785 


2*0086 


•51982 


1-9237 


31 


29 


•47661 


2*0981 


•49821 


2*0071 


•52019 
•52050 


1-9223 


31 


30 


•47697 


2*0965 


•49858 


2*0056 


1-9209 


30 


3> 


•47733 


2*0949 


•49894 


2*0042 


•52093 


f9t96 


^ 


J» 


•47768 


2*0934 


•49930 


2*0027 


•52130 


1^9182 


33 


•47804 


2*0918 


•49967 


2*0013 


•52167 


1-9168 


Vs 


34 


•47840 


2*0002 
2*0887 


•50003 


1*9998 


•52204 


1*9155 


IS 


•47876 


•50039 


1*9984 


•52241 


1*9141 


15 


36 


•479" 


2*0871 


•50076 


1*9969 


•51178 


1*9128 


H 


37 


•47947 


2*0856 


•50112 


r9955 


•51315 


1*9114 


13 


38 


•47983 


2*0840 


•50149 


1*9940 


•51351 


1*9101 


22 


39 


•48019 


2*0824 


•50185 


1*9926 


•51389 


1*9087 


21 


40 


•48055 


2*0809 


•50221 


1*9911 


•52416 


1-9074 


20 


4» 


•48090 


2*0793 


•50258 


1*9897 


•52464 


1*9060 


;i 


4* 


•48116 


2*0778 


•50294 


1*9882 


•51501 


1*9047 


43 


•48162 


2*0763 


•50331 


1*9868 


•52538 


1*9033 


ii 


44 


'48198 


2-0747 


•50367 


1*9854 


•51575 


r902o . 


45 


•48234 


2*0732 


•50404 


1*9839 


•52612 


1*9006 


«5 


46 

47 


•48270 
•48306 


2*0716 
2*0701 


•50440 
•50477 


1*9825 
1*9810 


:^ 


\^ 


14 
13 


48 


•48341 


2*o685 


•50513 


1*9796 


•52724 


1*8966 


12 


49 


•48377 


2*0670 


•50550 


1*9782 


•52761 


1*8953 


II 


50 


•48413 


2*0655 


•50586 


1*9768 


•52798 


1-8939 


10 


5» 


•48449 


2*0640 


•50623 


1*9753 


•52835 


1*8926 


1 


5» 


•48485 


2*0624 


:f^ 


1*9739 


•52872 


1*8913 


53 


•48521 


2*0609 


1*9725 


•52910 


1*8900 


I 


54 


•48557 


2-0594 


•50732 


1*9711 


•51947 


1*8886 


55 


•48593 


2*0578 


•50769 


1*9696 


•52984 


1*8873 


5 


56 


•48629 


2*0563 


•50806 


1-9682 


•53021 


r886o 


4 


57 


•48665 


2*0548 


•50842 


1-9668 


•53059 
•53096 


1*8846 


3 


58 


•48701 


2*0533 


•50879 


■•9654 


1*8833 


a 


59 


•48737 


2*0518 


•50915 


I •9640 


•53133 


1*8820 


I 


60 


•48773 


2*0503 


; ^50952 


1*9626 


•53170 


1*8807 







Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 


^aa«5eca^ 


k 


. 


>4 Dbgke. 


ES 


63 Dl 


\ 


I ' 


A I^yjkb: 


ES& 



130 



TABLE IIL 



16 Dbobees 






nUiES FOR 




Tangent 


(Cotangent 




TANGEISTIAL AN< 


16° d 


•28675 


3*4874 


60' 


CIRCUIAIl CURYEa. 1 


I 


•28706 


3*4835 


% 






% 


•28738 


3*4797 






I 

4 
5 


•28832 


3*4759 


55 


6000 feet ^ 
60 chains ■ 


RadiL 


6 


•28864 


3*4645 


54 


600 metres ' 




7 


•28895 


3-4608 


53 






8 
9 


**S9»7 
•28958 


3*4570 
3*4531 


51 
51 


Bends. 


■ 


10 


•28990 


3*4495 


50 






II 


•290Z1 


3*4*57 


49 


In one 66 feet chain If indiee 


12 

14 


•29053 

•19084 
•29116 


3-4420 
3*4382 
3*4345 


48 

% 


Tn one 100 „ chain 2^ ^ 


15 


•29147 


3*4308 


45 






16 


•29179 


3*417^ 


44 


Stjfebeleyation of Hails. | 


H 


•29210 


3*4134 


43 






18 
19 


•29242 
•29274 


3*4197 
3*4160 


41 
4" 


66 feet chain, 60m. per hour 2^^' | 


zo 


•29305 


3*4113 


40 


100 feet chain^ 50 m. 


per hofor 2^' 


21 


•29337 


3-4086 


39 






22 


•29368 
•29400 


3*4050 
3-4013 


38 












24 


•2943a 
•19463 

•29495 
•29526 
•29558 


3*3977 


36 


Left-hand 


No. of 


Bigbt-luDd 


1^ 


3*3940 


35 

*i A 


Beading 


Chaina 


Beading 




3 3904 
3*3867 
3-3831 


34 
33 
31 


359° 31-3' 


1 


OP 28*6' 


29 


•29^90 


3*3795 


31 


359 2*7 


2 


57-3 


30 


•29621 


3*3759 


30 


358 34-1 


3 


1 25-9 


31 
32 


•29653 
•29685 


3*3713 

3-3687 


^ 


358 5*4 


4 


1 54-6 


33 
34 
35 


•29716 
•29748 
•29780 


3-3651 
3-3615 
3*3580 


15 


357 86-7 
357 8*1 


5 

6 


2 23-2 
2 61-9 


36 


•29811 


3*354* 


24 


356 39-5 


7 


3 20-5 


37 
38 


•29843 
•29875 


3-3508 
3*3473 


13 
22 


356 10-8 


8 


8 49*2 


39 


•29906 


3*3437 


21 


355 42*2 


9 


4 17-8 


40 


•29938 


3-3402 


20 


355 13-5 


10 


4 46*5 


41 
4* 


•29970 
•30001 


33366 
3*3331 


19 
18 


354 44-9 


11 


5 15-1 


43 
44 
45 


•30033 
•30065 
•30097 


3*3196 
3-3261 
3-3226 


«5 


354 16-2 
353 47-6 


12 
13 


5 43-8 

6 12-4 


46 


•30128 


3-3191 


14 


353 18*9 


14 


6 41-1 


47 
48 


•30160 
•30192 


3*3156 
3-3121 


>3 
12 


352 50-3 


15 


7 9-7 


49 


'30224 


3-3086 


II 


352 21*6 


16 


7 88-4 


50 


•30255 


3-3052 


10 


351 53*0 


17 


8 7-0 


51 
5* 


•30287 
•30319 


3-3017 
3-2982 


\ 


351 24*3 


18 


8 85*6 


53 
54 


•30351 
•30382 


3-2948 
3-29x3 


I 


350 55-7 


19 


9 4-8 


55 


•30414 


3-2879 


5 


350 27-0 


20 


9 880 


56 


•30446 


3-2845 


4 


349 58*4 


21 


10 1-6 


57 
58 


•30478 
•30509 


3-2810 
3-2776 


I 

2 


349 29*7 


22 


10 80-2 


1? 


• -30541 


3-2742 


I 


349 1-1 


23 


10 58*9 


; -/ 


'30573 
Cotangent 


3-2708 
Tangent 


73** 

1 


348 82-4 


24 
\ 1^ 


11 27-5 




78 Be 


GSEES 




\ \ 











TABLE lit 
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17 Dbqbbbb 


TANGENTIAL ANGLES FOR 






!.«». 


COUngEDt 






i-fa 


S 


!:S 


^ 


CmCULAB CTJBVES. 






■,06,7 


riS*o 


!» 








■1««9 


yi&o6 


g 


efiOOfeet \ 




* 


■1™ 


J ''"9 


65 chains [ Eadii 




I 


;i2 


)'14iS 


4 


eeOmStresJ 






■lOSfc 










10 


■10B9. 

■109»! 


rinB 


s 

s 


In one 66 feet chwn Ij mcheB 




i 


3! 


jl'IS 


In one 100 „ chain SJ „ 




>A 


■''T 


3 -10! 


*' 


SCPBRELETATION OF KiHA 




\l 


■ll'7' 


^ 


66 feet chain, 50 ra, per hour 2" 




" 




r™? 


+0 


100 feet ch^, Mm. per houi IJ" 




" 


3 


i-w 


is 

!7 














M 


ym 


i-;s 


36 




No. or 


Blgfat-fauDd 










Heading 
























U 


■l'"^ 


{■1780 


3! 


359" 33-5' 


I 


0° 26-4' 




>9 


■\'^ 






359 7-1 


2 


52-9 




JO 


■I'll" 


jiyiJ 


P 


358 40-7 


3 


1 19-3 




jj 


■jis6i 
■f6s 


ll6!i 

rE6ji 


^ 


358 U-2 


4 


1 45-8 




tl 


J'l6i9 
3|I[B7 


% 


357 47-8 


5 


2 12-2 




JJ 




357 21-3 


6 


2 38-7 




16 




l-Tjig 


M 


356 54-9 


7 


3 5-1 




\l 


li 


i^lJS 


« 


356 28-4 


8 


3 31-5 




19 


i;ri>8 




356 2-0 


9 


3 58-0 




40 


■3 IS JO 


riiSs 


lo 


355 35-5 


10 


4 24-4 




*i 


■'llJo 


;i 


355 9-1 


11 


4 50-9 








u 


354 427 


12 


5 17-3 




JJ 


llljg 




354 16-2 


13 


5 43-8 




4S 


■J1041 


I-rioa 


,4 


353 49-8 


14 


6 10-2 




:j 


:!a 


]:;a 


11 


353 23-3 


15 


6 3G-7 




i» 


11119 






352 56-9 


16 


7 3-1 




JO 


■JI171 


l-ioH 


10 


352 30-4 


17 


7 29-5 




Jl 


P 


I'imi 


1 


352 4-0 


18 


7 56-0 




M 


15 


I 


351 37-6 


19 


8 22-4 




■|JJ|? 




351 ll-l 


20 


8 48-9 




S« 


!„«, 


iii 




350 44-7 


21 


9 15-3 




n 


•,z,9S 




350 18-2 


22 


9 41-8 




2S 


■y^ 


IS 




349 51-8 


23 


10 8-2 




Dotugcnt 


71" = 


34a 25-5 \ ^!^. \ Va ^-f^ ^ 
\ \ 


/ 


72 Deorhhs 



132 



TABLE III. 



18 Deobebs 



i2P o 
I 

2 

3 

4 
5 

6 

7 
8 

9 

10 

II 

12 

13 
14 
15 

i6 

17 
i8 

19 

20 

21 
22 

*3 
24 

45 

26 

^7 
28 

30 

3» 
3* 
33 
34 
35 

36 
37 
38 

39 

40 

4» 
42 

43 
44 
45 

46 

47 
48 

49 

50 

51 
5* 
53 
54 
55 

56 

57 
58 

60 



Tangent 


Cotangent 


•32492 


ro776 


•3*5*4 
•3*556 


3 •0746 


3-0716 


•32588 


3-0685 


'32620 


3-0655 


•3*653 


3-0625 


•32685 


3*0595 


•32717 


3-0564 


•3*749 


3*0534 


•32782 


3-0504 


•32814 


3^<H74 


•32846 


3 •0445 


•3*878 


3-0415 


•3291 I 


3-0385 


•3*943 


3^0355 


•3*975 


3*03*5 


•33007 


|:fJi 


•33040 


•33072 


3*0*37 


•33101 


3-0207 


•33136 


3*0178 


•33168 


3-0148 


•33*01 


3-0119 


•33*33 


30090 


•33266 


3-0061 


•33198 


3*0031 


•33330 


3-0002 


•33363 


1*9973 


•33395 


1*9944 


•334*7 


2-9915 


•33460 


2-9886 


•3349* 


1*9857 


•335*4 


2-9829 


•33557 


2-9800 


•33589 


2-9771 


•33621 


1^9743 


'^\^ 


2-9714 


2-9685 


•33719 


2-9657 


•33751 


2-9628 


•33783 


2-9600 


•33816 


2-9572 


•33848 


1*9543 


•33881 


1*9515 


•33913 


2-9487 


•33945 


2-9459 


•33978 


2-9430 


•34010 


2*9402 


•34043 


1*9374 
1*9346 


•34075 


•34108 


2-9318 


•34140 


2-9290 
2-9263 


•34»73 


•34*05 


1*9135 


•34*38 


2-9207 


•34*70 


1*9179 


•34303 


2-9152 


•34335 


2-9124 


•34367 


2-9097 


•34400 


2-9069 


•34433 


2-9042 


Cotangent 


Tangent 



60' 

59 
58 

56 
55 

54 
53 
51 
51 
50 

49 
48 
47 



45 

44 

43 

42 

41 
40 

39 
38 

n 
36 

35 

34 
33 
31 
31 
30 

29 
28 

26 
15 
24 

13 
22 
21 
20 

19 
18 

16 
15 

>4 
13 
12 
II 

10 

9 
8 

I 



4 
3 

2 

I 

7i<> o 



/ 



71 Degrees 



tangentl4lL angles fob 


CIRCULAIi CURVRS. 


7000 feet \ 


70 chainR 


Radii. 


700 metres) 


BiWDB, 


Tti one 66 feet cliain If inches 


In one 100 ,, chain 2^ |^ 


SXTPBRELBVATION OP IlATLS. 


66 feet chain, 45 m. per hour 1 J" 


100 feet chain, 60 m. per hour T' 


liCft-hand 
Beading 


No. of 
Chains 


Bight-hand 
Beading 


359° 35*4' 


1 


0° 24-5' 


359 11-0 


2 


49-1 


358 46^3 


3 


1 13-6 


358 21-8 


4 


1 382 


357 57*2 


5 


2 2-8 


357 327 


6 


2 27-3 


357 8-1 


7 


2 51-9 


356 43-5 


8 


3 16-4 


356 19^0 


9 


3 41-0 


355 54-4 


10 


4 5-5 


355 29-9 


11 


4 30-1 


355 53 


12 


4 54-6 


354 40-8 


13 


5 19-2 


354 16^2 


14 


5 438 


353 51-7 


15 


6 8-3 


353 27-1 


16 


6 32-9 


353 2-5 


17 


6 57-4 


352 380 


18 


7 220 


352 134 


19 


7 46-5 


351 48^9 


20 


8 ll-l 


351 24^3 


21 


8 35-6 


350 59^8 


22 


9 0-2 


350 35-2 


23 


9 24-8 


350 10-7 


24 


9 49-3 


349 46-1 


25 

\ 




10 13-9 









•TABLE IIX; 




18S 


19 Dbobkes 


TAKGENTUL ANGLES FOR 




Tiagenl 


OoUneent 




,^d 


'B 


1-9041 


fo- 


CIRCUL.VR CURVES. 




1? 






■ *S!o 


v»9W 




7500 feet \ 


J 


:» 


I'Bips 


JS 


TSchaana Radii. 




■,4618 






760 metreaJ 




■J4«. 


rSsji 






i 


:i:?5l 


■1 


'; 


Bejtos, 




■»7SB 








■H79' 


1-874! 




In one GO feet cUam IJ inches 


;j 


■iS^ 


J^ 


4B 


In one 100 „ cbftia 2 „ 




■\% 


,-866l 








l-MlS 






■7 


■J+9«7 


I-BjSi 


« 


SoPEBELETAnoH OF Bailb, 


l9 


|3Iiao 


^§?JI 


4» 


6G feet chnin, 45 ni. per hour IJ" 


" 


■»^s 


.■Si™ 


*° 


100 feet chain, 50 m. per hour 1" 


" 


Sti 


iJ 




Lett-hoDii No. of 


Elght-hani 


*S 


■J5»t» 


1-B]7° 
1-B14J 
l'Bj.7 






Chaiu 


B«dlng 


s 


|S 


jj 


35 'J" 37^1' 


1 


0° 22-9' 


*l 


i^Z 


|J 


3ylt H'2 


2 


45-8 






l-BiJB 




358 51-2 


3 


1 8-7 


; 


Itts 


iBi 


V) 

^7 


358 28'3 
358 5-4 


4 
5 


1 31-7 

1 54-6 


* 


■iiS 


1-B.09 


16 


357 42-5 


6 


2 17-5 


1* 


■!!&« 


lioBj 


»4 


357 19-S 


7 


2 40-4 




■»641 


i'«057 

l-Bqj. 

1-Bms 




356 5G-6 
856 33^7 


8 
9 


3 3-3 
3 26-3 


40 


■35740 


179B0 


10 


356 10-8 


10 


3 49-2 


*^ 


:!gS 


>'7i»» 


if 


355 47^9 


11 


4 121 


+j 


■iS'ii 




'7 


355 25^0 


12 


i 35-0 


4+ 


;i5»7' 


l^tfl 




355 2-1 


13 


4 57-9 


46 


:ili 


.■7B.6 


,^ 


354 39-1 


14 


6 20-8 


s 


i-ytoj 


'1 


354 lG-2 


15 


5 43-8 


;i£y 






353 53-3 


16 


6 6-7 








353 30-4 


17 


6 29-6 


I' 


:i^;» 


j:;??: 


? 


353 7-5 


18 


6 62-5 




■!6'S 


'■'s* 


I 


332 44-5 


19 


7 15-4 


*+ 


■tn 


»7W 




352 21'e 


20 


7 38-4 


(6 


■16161 


»-7i74 




351 58-7 


21 


8 1-3 


8 


■16164 


i;7sw 




351 35'8 


22 


8 24-2 


17+w 




351 12'9 


23 


8 47-1 


■36197 




70=0 


350 50-0 


24 


9 J 0-0 




Cotangent 


Tnngont 




360 27 'Q 


1^ \ ^ ^'LSi 


ro Dbobres 


\ 


\ 



TABZiB lit. 









:jiS 






Hi 



TAMGENnAL ANGLES FOR 
CmCULAB CDEVES. 

Eadius 80 fthwi"i*. 



In one 66 feet chain I^ incb 
In one 100 „ cham 1| „ 

Sufebeletahon of Rails. 
G6 feet clidn, SOm. per hour 1^" 
100 feet chain, 50 m. per hour 1" 



17-0 
55-5 
34-1 
12-6 
51-1 
29-e 



42-2 
20-1 
59-2 
37-7 
16-2 
54-7 
83'2 
11-8 
50'3 
28-8 



n° 


21-fl' 


II 


4f(-0 


1 


44 


1 


2.VU 


1 


474 



7 9-7 

7 31-2 

7 52-7 

8 14-2 
8 35-7 
8 57-1 









TABI.B IIL 




ise 


aiDKQHESa 


TANGENTIAL ANGLES FOR 




Trnprnt 


Col«ngeilt 




«<•<:/ 


■,!,!6 




60' 

1! 


CIRCULAR CURVES. 


^ 


S: 


JSg 


S 


Hadiofl 85 ctBJnB. 




■JSSSI 


i-reis 








■iS(8j 


1*(9'! 






I 


:!K 


j:jm 


11 


Bsania. 




■1S6B? 


J-lil4B 








■jBT'' 


I'sste 




In one 66 feet ctiun 1| inch 


\l 


-^ 


rs805 


S 


In one 100 „ clwJa Ij - 




■JBBII 




S 






"'SSSi 








■1»!88 






SupEftELBTATioN OF Bails, 


ifi 


■18911 


rita 






\l 


:iS 


i-;670 


41 


6fl feet chain, 60 m. per hour IJ" 


» 


Wt 


i-s6ot 


4^ 


100 feet chBJa, SOm. per hour 1" 




■jcjoBB 


i-5lSl 






" 


■"1(6 


ri[,8 


It 

- i 










H 


■Ii|iS6 


I'jjiS 


Lfft-hsnd 




Blgtat-hima 


** 


■J9"I 


»'S49I 




Baaing 


Oluuna 


H«dlng 
















S 

»9 


■J919Q 






359" S9'8' 


1 


0" 20-2' 


49IS7 


m:s 


jj 


359 19-5 


2 


40-4 


1° 


■,,,51 


r5,S6 


3° 


358 59-3 


S 


1 0-6 


JJ 


;jw| 


i;5l64 


ji 


358 39-1 


4 


1 20-8 








i 


358 18'9 


5 


1 41-1 


15 


-J9IWS 


i'SItS 


357 68-7 


6 


2 1-3 


36 


5i 






357 38-4 


7 


2 21-5 


B 






357 18-2 


8 


2 41-8 


i-{i5a 


" 


356 58-0 


9 


3 2-0 


40 






M 


356 37-8 


10 


3 22-2 


s 


■jA 


i-(it« 


'b 


356 17-5 


H 


3 42-4 




MS 

I'J06{ 


'7 


355 57-3 


12 


4 2-6 


« 


;39«^ 


16 


355 37-1 


13 


4 22-9 


46 


;b; 






355 10-9 


14 


4 43-1 


49 


I-iOll 


n 


354 56-7 


15 


6 3-3 


S 


'■^ 




354 36-4 


16 


5 23-5 




»-49(9 


10 


354 16-2 


17 


5 43 8 


JJ 


■4DD!« 




1 


353 56-0 


18 


6 4-0 




■l^Ififi 


J 


353 35-8 


19 


6 24-2 


g 


■40100 

■4MW 


1-4875 


6 


353 15-6 


20 


6 44-4 


jis 


:4«57 


1-48M 




352 55-3 


21 


7 4-7 


g 




r4Jl.j 




352 35-1 


22 


7 24-9 


s 


M771 




352 14-9 


23 


7 45-1 


■4a(=J 


1-47J0 


H'o 


351 54-7 


24 


K fi-jt 




IWimgrot 


TuiBODt 




351 S\-^ 


=)^ V V -ttvti^ 


es Dmrem 


\ " \ - " 



ia6 




TABLE II] 


[; 






22 Dbobbbs 


23 Dbgbbbs 


24 Dbobbbs 




Tangent 


Cotangent 


Tangent 


Cotangent 


\ Tangent 


Cotangent 




c/ 


•40401 


2^4750 


•41447 


z-3558 


•44511 


z'Z46o 


60 


I . 


•40436 


1^4730 


.4148, 


1*3539 


•44557 


»*i44i 


^2 


2 


•40470 


z-4709 


•42516 


1*3510 


•4459a 
•44M7 


^•Z425 


58 


3 


•40504 


z-4688 


•42550 


1*3501 


a^Z407 


% 


4 


•40538 


z*4668 


•42584 


Z-348Z 


•44664 


z^2390 


5 


•40571 


1*4647 


•42619 


1*3463 


•44697 


Z-137Z 


55 


6 


•40606 


2-4627 


•42653 


i*344f 


•44731 


11355 


54 


1 


•40640 
•40673 


2*4606 
1-4585 


•42688 
•42722 


z-342< 
2-3406 


•44767 
•44801 


1-Z337 


53 
51 


9 


•40707 


1*4565 


•41756 


2*3388 


•4*836 


1^2303 


51 


10 


•40741 


1*4545 


•42791 


1*3369 


•44871 


z^zz85 


50 


II 


•40775 


2-4524 


•42825 


1*3350 


•44906 


z^zz68 


S 


1% 


•40809 


1.4504 


-42860 


1*3331 


•44941 


Z-Z251 


13 


•40843 


1*4483 


•42894 


1*3313 


•44976 


Z-ZZ3I 
z-zzio 


2 


14 


•40877 


1*4463 


•42928 


2*3294 


•45011 


"5 


•40911 


1*4443 


•42963 


2*3275 


•45046 


ZZI99 


45 


16 


•40945 


2-4422 


•41997 


1*3156 


•45081 


z^zi8i 


44 


17 


•40979 


2*4402 


•43031 


1*3138 


•45116 


z^zi64 


43 


18 


•41013 


2-4382 


•43066 


z-3219 


'^^^i\ 


z^zi47 


4» 


'9 


•41047 


2*4362 


-43101 


2-3201 


•45186 


z^zi3o 


4" 


20 


•41081 


2*4342 


•43135 


2*3182 


•45ZZI 


z-zii) 


40 


21 


•41115 


2*4322 


•43170 


2-3164 


•45156 


z*zo96 


II 


zz 


•41149 


2-4301 


-43204 


13145 


•45195 


ZZ079 
Z-Z061 


ij 


•41183 


2*4281 


•43139 


1*3117 


•45316 


11 


U 


•41Z17 


2*4261 


•43173 


1*3108 


•45361 


Z-Z044 


aj 


•41251 


2-4241 


•43308 


2*3090 


•45397 


z*zoz7 


35 


z6 


•41Z85 


2-4221 


•43341 


2*3071 


•45431 


z-zoio 


34 


a? 


•41 3 19 


2*4201 


•43377 


2*3053 


•45467 


Z-1993 


33 


z8 


•41353 


2*4181 


•43411 


1*3035 
2*3016 


•45501 


Z-I976 


31 


Z9 


•41387 


2-4162 


•43446 


•45537 


1*1959 


31 


30 


•414*1 


2*4142 


•43481 


z*2998 


•45571 


1*1941 


30 


31 


•4'455 


2*4122 


•43515 


2*2980 


•45607 


z*i9z6 


n 


3» 


•41489 


2-4102 


•43550 


2*2961 


•45641 


Z1909 


33 


•41524 


2-4082 


•43585 


2*2943 


•45678 


2*1892 


ti 


34 


•41558 


2*4062 


-43619 


2*2925 


•45713 


*''57| 


35 


•4159Z 


1*4043 


*43654 


2*2907 


•45748 


2*1858 


*5 


36 


•416Z6 


2*4023 


•43688 


2*2889 


•45783 


2-1841 


H 


37 


•41660 


2*4003 


•43713 


2-2870 


•45818 


2*1825 


13 


38 


•41694 


1*3984 


•43758 


2*2852 


•45853 


2*1808 


11 


39 


•41718 


1-3964 


•43791 


2*2834 

z*28i6 


•45889 


21791 


11 


40 


•41761 


1*3944 


-43827 


•45914 


1*1774 


zo 


41 


•41797 


2-3925 


•43862 


2*2798 


•45959 


2-1758 


\t 


4a 


•4183 1 


1-3905 


•43896 


2*2780 


*45994 


2-1741 


43 


•41865 


1*3886 


•43931 


2*2762 


•46030 


2-17H 


\l 


4^ 


•41899 


1*3866 


•43966 


1*1744 
2-2726 


•46065 


2-1708 
2*1691 


45 


•41933 


1*3847 


•44001 


•46100 


'5 


46 


•41968 


1*3827 


•44035 


2-2708 


•46135 


z*i675 


14 


2 


'42001 


2*3808 


•44070 


2*2690 


•46171 


z*i658 


13 


•42036 


1-3789 


•4*105 


2*2673 


•46206 


2*1641 


IZ 


49 


•42070 


1*3769 


.44140 


2*2655 


•46241 


2*1625 


II 


50 


•42115 


1*3750 


•44174 


2*2637 


-46277 


2*1608 


10 


5« 


•42139 


1*3731 


•44209 


2*2619 


•46312 


2-1591 


9 


5» 


•42x73 


2*3711 


•44144 


2*2601 


•46347 


2*1576 


8 


53 


•42207 


2*3692 


*4*179 


2*2584 
2*2566 


•46383 


2*1559 


7 


54 


•42142 


1*3673 


•44313 


•46418 


1*1543 


6 


55 


•42276 


1*3654 


•44348 


2*2548 


•46453 


2*1526 


5 


56 


•42310 


2*3634 


•44383 


2^2530 


•46489 


2*1510 


4 


57 


•41344 


2*3615 
2*3596 


•444,8 


2*2513 


•46524 


1*1494 


3 


58 


•41379 


•44453 


2*2495 


•46559 


2-1477 


A 


f9 


•42413 


1*3577 


•44488 


2*2477 


•46595 


2*1461 


I 


60 


•42447 


1*3558 


•44511 


2*2460 


•46630 


2*1445 







Cotangent 


Tangent ; 

1 


Cotangent 

I 


Tangent 


Cotangent 


Tangent 




6 


7 Degre 


ES 


66 Di 


iGRECS 


\ ^5 


S D^a^^^s 


a 



\ 







TABLE III. 




137 


i 

i 


26 Dequvrs 


26 Dbobees 


27 Degbees 




Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 




d 


'^¥^ 


2^1445 


•48773 


2^0503 


•50952 


1*9616 


60' 




'46666 


2^I428 


•48809 


2^0487 


•50989 


1*9612 


11 




•46701 


Z'1412 


•48845 


2^0472 


•51025 


1*9597 




46737 


21396 


•48881 


2*0457 


•51062 


1-9583 


52 




•46772 


2*1380 


•48917 


2*0442 


•51099 


1-9569 


56 




•46807 


2^1363 


•48953 


2*0427 


•5"35 


1*9555 


55 


6 


'45!4| 


2*1347 


•48989 


2*0412 


•51171 


1*9541 


54 


I 


•46878 


2*1331 


•49025 


2*0397 


•51200 


'•9517 


53 


•46914 


2*1315 


•49061 


2*0382 


•51246 


1*9513 


51 


9 


•46949 


2*1299 

2^I283 


•49097 


2*0367 


•51282 


1*9499 
. 1*9485 


51 


lO 


•46985 


•49133 


2*0352 


•51319 


50 


II 


•47020 


2^I267 


•49169 
•49206 


2*0337 


•51356 


1*9471 


^ 


12 


•47056 


2*1251 


2*0322 


'51393 


1*9457 


IJ 


•47091 


ri235 


•49242 


2*0307 


:i:^ 


1*94*3 


^1 


«4 


•47"7 


2^I2I9 


•49278 


2*0292 


1*9430 


46 


15 


•47163 


2*1203 


•49314 


2*0277 


•5150J 


1*9416 


45 


i6 


•47198 


2*1187 


•49350 


2*0263 


•51540 


1*9402 


H 


17 


•47*34 


2*1171 


•49386 


2*0248 


•51577 


1*9388 


43 


i8 


•47269 


2*1155 


•494^3 


2*0233 


•51613 


1*9374 


42 


»9 


•47305 


2*1139 


•49459 


2'02l8 


•51650 


1-9360 


41 


zo 


•47340 


2*1123 


•49495 


2*0203 


•51687 


1*9347 


40 


£1 


•47376 


2*1107 


•49531 


2*0189 


•51724 


1*9333 


39 


22 


•47412 


2*1091 


•49567 


2*0174 


•51761 


1-9319 


38 


aj 


•47447 


2*1075 


•49604 


2-0159 


•51798 


1-9305 


^l 


24 


•47483 


2*1059 


•49640 


2*014^ 


•51835 


1-9291 


36 


15 


•47519 


2*1044 


•49676 


2*0130 


•51871 


1*9278 


35 


26 


•47554 


2^1028 


•49712 


**oii5 


•51908 


1-9264 


34 


27 


•47590 


2*1012 


•49749 


2*0100 


•51945 


1*9250 


33 


28 


•47626 


2*0996 


•49785 


2*0086 


•51982 


1*9237 


31 


29 


•47661 


20981 


•49821 


2*0071 


•52019 
*52050 


1*9223 


31 


30 


•47697 


2*0965 


•49858 


2*0056 


1*9209 


30 


3> 


•47733 


2*0949 


•49894 


2*0042 


•52093 


f9l96 
I •9182 


^ 


3» 


•47768 


2*0934 


•49930 


2*0027 


•52130 


33 


•47804 


2*0918 


•49967 


2*0013 


•52167 


1*9168 


17 


34 


•47840 


2*0902 


•50003 


1*9998 
1*9984 


•52204 


1*9155 


26 


35 


•47876 


2*0887 


•50039 


•52241 


1*9141 


15 


36 


•479" 


2*0871 


•50076 


1*9969 


•52278 


1*9128 


H 


37 


•47947 


2*0856 


•501 12 


^9955 


•51315 


1*9114 


13 


38 


•47983 
•48019 


2*0840 


•50149 


1*9940 


•52352 


I -9101 


21 


39 


2*0824 


•50185 


1*9926 


•52389 


1*9087 


21 


40 


•48055 


2*0809 


•50221 


I 9911 


•52426 


1*9074 


20 


41 


•48090 


2*0793 


•50258 


1*9897 


•52464 


1-9060 


;i 


4* 


•48126 


2*0778 


.50294 


1*9882 


•52501 


1*9047 


43 


•48162 


2*0763 


•50331 


1*9868 


•52538 


1-9033 


\i 


4^ 


•48198 


2-0747 


•50367 


1*9854 


•51575 


1-9020 


45 


•48234 


2-0732 


•50404 


1*9839 


•52612 


1*9006 


15 


46 

47 


•48270 
•48306 


2*0716 
2*0701 


.50440 
•50477 


1*9815 
1*9810 


'■& 


1:1^ 


14 
13 


48 


•48341 


2*o685 


•50513 


1*9796 


•52724 


1*8966 


12 


49 


•48377 


2*0670 


•50550 


1*9782 


•51761 


1*8953 


II 


50 


•48413 


2*0655 


•50586 


1*9768 


•51798 


1-8939 


xo 


51 


•48449 


2*0640 


•50623 


1*9753 


•51835 


1-8926 


1 


5» 


•48485 


2*0624 


:f^ 


1*9739 


•52872 


1-8913 


53 


•48521 


2*0609 


1*9725 


•52910 


1-8900 


I 


54 


•48557 


2-0594 


•50732 


1-9711 


•51947 


1-8886 


55 


•48593 


2*0578 


•50769 


1*9696 


•51984 


1-8873 


5 


56 


•48629 


2*0563 


•50806 


r9682 


•53021 


x-8860 


4 


57 


•48665 


2*0548 


•50842 


1-9668 


•53059 
•53096 


1-8846 


3 


58 


•48701 


2*0533 


•50879 


1-9654 


1-8833 


% 


59 


•48737 


2-0518 


•50915 


1-9640 


•53133 


1*8820 


I 


60 


•48773 


2*0503 


•50952 


1*9626 


•53170 


1*8807 







Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 
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k 
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I 
% 
I 
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5 

6 

i 

9 
lo 

II 
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"3 
«4 
«5 

i6 

»9 

»o 

«i 
^% 
*J 
»4 
*5 

16 
*9 

JO 

Ji 
SI 

31 

34 
35 

36 

3 

3 

39 
40 

41 
4a 
43 
44 
45 

49 
50 

51 
5* 
53 
54 
SS 

56 



Tangent 

•53170 
•jjio8 

'53*45 
•jji«i 

•533»o 
•53357 

•53395 
•5343* 
•534S9 
'53507 
•53544 

•53581 
•5361Q 
•53656 
•53694 
•53731 

•5384* 
'53881 

•53919 

•53957 
'53994 
•S40J1 
•54069 
•54107 

•54145 
•54181 
*54iio 

•54457 
•54*95 

•54333 
•54370 
•54408 
•54446 
•54*84 

•545»i 
•^4559 
•54597 
•54635 
•54671 

•54710 

•54814 
•54861 

•54899 
•54937 
•54975 
•55013 
•55051 

•55089 

•55"7 
•55165 

•55101 

•55140 

•55*78 
•553 16 

•55354 

•5539* 

•55430 

Ootangent 




•8597 
•8584 
•8571 

•8559 
•8546 

•8533 
'8510 

•8507 

•8494 
'8481 

•8468 
•8456 

•8443 
•8430 
•8417 

•8404 
•8391 

•8353 

•8341 
'8318 
•8315 
•8303 
•8190 

TU 
•8165 

'8151 

'8140 

•8117 

•8115 

*8ioi 
•8189 

•8177 
•8164 

•8151 
•8139 
•8117 
'81 14 
*8ioi 

•8090 

•8077 
•8065 
•8051 
[•8040 

Tangent 



L 
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29 Dbobbbs 



Tangent 

•55430 
•55468 
•55506 

•55545 
•55583 
•55611 

•55659 
•55697 
•55735 
•55773 
•5581 I 

•55849 
•55888 

•559*6 

•55964 
•560QI 

•56040 
•56079 
•561 17 
•56155 

•56193 

•56131 
•56x70 
•56308 

•56347 
•56385 

•56413 
•56461 
•fo^oo 

•56538 

•56577 

•56691 
•56730 
•56769 

•56846 
•56884 

•56961 

•57000 
•57038 
•57077 

•571 16 

•57154 

•57193 
•57131 
•57170 

•57309 
•57347 
•57386 

•57501 
•57541 

•57579 
•57618 

•57657 
•57696 

•57735 

Ootangent 



[•7966 

'•7954 
[•7941 

[•7919 

1-7917 

1-7905 
17801 
[•7880 
[•7868 
1-7856 

1-7844 

1-7831 
[•7819 
1-7807 
'•7795 

1-7783 
[•7771 

17759 
'•7V7 
17735 

[•7713 
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Tangent 

•57735 
•57773 
•5781* 
•57851 
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•58045 
•58084 

•581*3 

•58161 
•58101 
•58140 
•58170 
-58318 

•58357 
•58396 

•58435 
•58474 
•58513 

•58551 
•58591 
-58630 
•58669 
-58708 

•58747 
•58787 
•58816 
•58865 
-58904 

•58943 
•58981 
-59011 
-59061 
-59100 

-59139 

•59»79 
-59118 

;5W7 

•59336 
•59375 
•59415 
•59454 
•59493 

•59533 

•5957* 
•59611 

•59651 
•59690 

•59730 
•59769 

•5S 



•5^ 
-59888 

•59^7 

-60006 
-60046 
•60086 

Ootangent 



Cotangent 

73*0 
7308 



7*74 
•710a 

7*50 

7*39 
7117 
•7110 

7*04 

7>j» 
7181 
7170 
7158 

7147 

7«35 
7114 

•7111 

-7101 

-7090 

-7078 
•7067 

•7055 
•7<H4 
•7033 

•7011 
•7010 

-6965 
•6954 

!$94» 
•6931 

•6910 

•6909 



6»i 

•6853 
•6841 

•6830 

•6819 
•6808 




•675* 

•6741 
•6730 

•6697 

•6686 

Tangent 



6a 

n 

% 

55 

54 
53 

5* 

51 

50 

% 

45 

44 
43 
4* 
41 
40 

II 

35 

34 
33 
3* 
31 

30 

n 

u 

»5 

44 
*3 
11 

II 

10 

:i 
\i 

15 

14 
13 
11 
II 
10 

I 

I 

5 

4 
3 

% 

I 
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i 

9 

lo 

II 

IX 

IJ 

"4 
15 

i6 

\l 

19 

%o 

2l 

2Z 

aj 
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as 

z6 



*9 

30 

31 

ja 
33 
34 
35 

36 

37 
38 

39 
40 

41 

4a 
43 
44 
45 

46 

47 
48 

49 

50 

51 
5» 

53 
54 
55 

56 

57 
58 
?9 



Tangent 

•60086 
*6oiz5 
*6oi65 
*6oi04 
•60144 
•60184 

•60313 
•60363 
•60403 
•6044Z 
•60481 

•60511 
•60561 
•60601 
•60641 
•60681 

•60711 
•60761 
•60800 
•60840 
•60880 

•60910 
•60960 

•61000 
•61040 
•61080 

•61 110 
•61 160 
•61100 
•61140 
•61180 

•61310 
•61360 
"61400 
•61440 
•61480 

•61510 
•61560 
•61600 
•61640 
•61680 

•61711 
•61 761 
•61 801 
•61 841 
•61881 

•61911 
•61961 
•61001 
•61041 
•61083 

•61113 
•61163 
•61104 

•61184 

•61315 
•61365 
•61406 
•61446 
•61486 

Cotangent 



Ck>tangent 

•6641 
•6631 
•6610 
•6609 
•6599 
•6588 

•6544 
•6533 

•6511 
•651 1 
•6501 

•6490 
•6479 

•6468 
•6457 

•6436 
•6415 

•6414 
•6404 

•6393 
•6381 
•6371 

'6361 

•6350 

•6339 
•6319 

•6318 
•6307 



•6ii 
•6165 

•6154 

•6144 
•6133 

•6113 
•6111 

*6ioi 
'6191 
•6180 
•6170 
•6159 

•6118 
•61 17 
•6107 

•6096 

•6(J6 
•6076 
•6065 
•6055 

•6044 
•6034 
•6014 
'6013 
•6003 

Tangent 
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Tangent 

•61486 
•61517 
•61567 
•61608 
•61648 
•61689 

•61719 
•61770 
'61810 
•61851 
'61891 

•61931 
•61973 
•63013 
•63054 
•63095 

•63176 
•63117 
•63158 
•63198 

•63339 
'63380 

•63461 
•63501 

•63543 
•63584 
•63615 
•63666 
•63707 

•63747 
•63788 
•63819 
•63870 
•6391 1 

•63951 
•63993 
•64034 

•641 16 

•64157 
•64198 
•64139 
•64181 
•64311 

•64363 

■ f I ' I 

•64486 
•64517 

•64610 
•64651 
•64691 

•64734 

•64775 
•64816 
•64858 
•64899 
•64940 

Ootangent 



Ck>tangent 

•6003 

•599* 
•5981 

•597a 
•5961 

•5951 

•59+1 
•5931 
•5910 

•5910 
'5900 

•5889 

•5859 
•5849 

•5838 
•5818 
•5818 
'5808 
•5798 

•5787 
•5777 
•5767 
•5757 
•5747 

•5737 
•57*7 
•5717 

•5696 
•5686 



■'^ 

•5616 
•5606 
•5596 
•5586 

•5566 
•5556 
•5546 

•5536 
•5516 
•5516 

•5507 
•5497 

•5487 
•5477 
•5467 
•5457 
•5447 

•5437 
•5418 
•5418 
•5408 
•5398 
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Tangent 

•64940 
•64981 
•65013 

•65147 

•65189 
•65130 
•65171 
•65313 

•65355 
•65396 
•65438 
•65479 

•65561 

lis 
•65687 
•65719 
•65771 

•65811 

•65854 
•65896 
•65937 

•65979 

•66011 
•66063 

•66104 
•66146 
•66188 

•66130 
•66171 
•66314 
•66356 

•66397 

•66439 
•66481 
•66513 

•^ 

•66649 
•66691 

•66817 

•66859 
•6690a 




•67618 



•6707® 
•67111 

•67155 

;67i97 
•67139 

•67181 

•67408 
•67450 

Cotangent 



Cotangent 

•5398 
•5388 

•5379 
•5369 
•5359 
•5349 

•5339 
•5330 
•5310 
•5310 
•5301 

•5101 
'5181 
•5171 
•516a 
•515a 

•514a 

•5a33 
•5113 
•511} 
•5104 

•5x94 
•5185 

•5175 
•5i6| 

•5156 

•5146 

•5137 
•5117 

•5117 

•5108 

•50Q8 
•5089 

•5079 
•5070 

•5060 

•5051 
•5041 
•5031 
•5011 

•5013 

•5003 

•4994 
•4984 

■^ 

•4956 
'4947 
•4937 
•49»8 
•4919 

'4909 



•4881 
•4871 

•4861 
•4853 
•4844 
•4834 
•4815 
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IS 

55 

54 
53 
5a 

51 
50 

*^ 
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44 
43 
4a 
41 

40 

IS 
li 
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3a 
31 

30 

n 
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a4 
a3 
*x 
11 

ao 
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14 
13 
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10 
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I 

S 
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3 

a 

I 
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35 Dbobees 


36 BBosinM 






Tangent 


Cotangt 


Tangent 


Cotangent 


Tangent 


Cotangent 






</ 


•67450 


f4825 


-70020 


f428x 


•72654 


f3763 


60 






•67493 


f4Si6 


•70064 


r4272 


-72698 


1*3755 


59 






•67535 


1-4807 


-70107 


1-4263 


•7*743 


1-3746 


58 






•67577 


1^4797 


-70150 


r4254 
I •4246 


•72787 


1-3738 


U 






•67620 


f4788 


•70194 


•72832 


1*3730 






•67662 


'•4779 


-70237 


1-4237 


•72876 


1*37*1 


55 




6 


•67705 


"•4769 


-70281 


1*4228 


•72921 


1*3713 


54 




I 


•67747 


M760 


•70324 


1-4219 


•72965 


l*370< 


53 




•67789 


"•475I 


•70368 


1-4210 


•73010 


i*36q5 


5* 




9 


•67832 


1-4742 


-7041 1 


1*4202 


•73055 


1*3688 


51 




lO 


•67874 


r4732 


•70455 


1-4193 


•73099 


1*3679 


50 




II 


•67917 


'•47»3 


•70498 


1-4184 


•73144 


1*3671 


$ 




XX 


•67959 


I •4714 


-70542 


«'4i75 


73188 


13663 




13 


•68002 


1-4705 


-70585 


1-4167 


•73*33 


1*3646 


*S 




14 


•68045 


1-4696 


-70629 


1-4158 


•73278 




15 


•68087 


1-4686 


•70673 


1-4149 


•733*3 


1*3638 


45 




16 


•68130 


1-4677 


-70716 


1-4140 


•73367 


1*3629 


44 




\l 


•68172 


r4668 


-70760 


1-4132 


•73412 


1*3621 


41 




•68215 


"•4659 


-70803 


1-4123 


•73457 


13613 


4ft 




19 


•68258 


1-4650 


-70847 


I -41 1 A 
I -4106 


•73502 


13605 
1359S 


41 




20 


•68300 


1-4641 


-70891 


73546 


40 




21 


•68343 


1-4632 


•70935 


1-4097 


73591 


1*3588 


39 




2Z 


•68386 


1-4622 


-70978 


1-4088 


•73636 


1*3580 


38 




23 


•68428 


1-4613 


•71022 


1-4080 


73681 


1^3571 


11 




24 


•68471 


1-4604 


•71066 


1-4071 


73726 


13563 




45 


•68514 


I '4595 


•71 110 


1-4062 


•7377" 


1*3555 


35 




26 


•68556 


1-4586 


•71153 


x-4054 


•73816 


1^3547 


34 




27 


•68599 


'•4577 


•71197 


1-4045 


73861 


1*3538 


33 




28 


•68642 


1-4568 


•71241 


1-4036 


•73906 


r3530 


3* 




29 


•68685 


'•4559 


•71285 


1-4028 


•73951 


135** 


31 




30 


•68728 


1-4550 


-71329 


1-4019 


73996 


1*3514 


30 


- 


31 


•68770 


i^454l 


•7«373 


1*4010 


•74041 


13506 


3 




32 


•68813 


1*4531 


-71417 


1*4002 


•74086 


1*3497 




33 


•68856 


1-4522 


-71461 


'•3993 


•74131 


1*3489 


2 




34 


•68899 


I -451 3 


-71505 


1-3985 


•74176 


I •3481 




35 


•68942 


1-4504 


-71548 


1-3976 


•74221 


13473 


*5 




36 


•68985 


"•4495 


•71593 


1-3967 


•74266 


r346< 


*4 




11 


•69028 


1-4486 


-71636 


1*3959 


•74311 


13456 


*3 




•69071 


i'4477 


-71681 


1-3950 


•74356 


1*3448 


22 




39 


•69114 


1-4468 


-71725 


I-394Z 


•74402 


f3440 


21 




40 


•69157 


"•4459 


•71769 


1*3933 


•74447 


1343* 


20 




41 


•69200 


1-4450 


-71813 


I •3915 


•7449* 


f34*4 
f34i6 


\t 




42 


•69243 


I -4441 


-71857 


1*3916 


•74537 




43 


•69286 


1-4432 


•71901 


1*3907 


•74582 


1*3407 


\l 




4^ 


•69329 


1-4413 


•71945 


1-3899 


•74628 


1*3399 




45 


•69372 


I -4414 


-71989 


1-3890 


•74673 


13391 


15 




45 


•69415 


1-4405 


•72033 


1-3882 


-74718 


1-3383 


14 




J? 


•69458 


^•4397 


•72078 


1-3873 


•74764 


1-3375 


13 




•69501 


1-4388 


•72122 


1-3865 


-74809 


1^3367 


12 




49 


•69544 


^•4379 


•72166 


1-3856 


•74854 


1^3359 


XI 




50 


•69588 


1-4370 


•72210 


1-3848 


•74900 


13351 


xo 




51 


•69631 


1-4361 


•72255 


1-3839 


•74945 


i^334* 


1 




5» 


•69674 


1-4352 


•72299 


1-3831 


•74991 


1*3334 
1*33*6 




53 


•69717 


I '4343 


*7»343 


1^3822 


•75036 


7 




54 


•69760 


1*4334 


-72387 


r38i4 


-75082 


1*3318 


6 




55 


•69804 


i^43»5 


-72432 


1-3806 


•75127 


1*3310 


5 




56 


•69847 


1-4316 


•72476 


'•3797 


•75^73 


1*3302 


4 




li 


•69890 


1-4308 


•72521 


i*37«9 


75218 


;:its 


3 




•69934 


1-4299 


•72565 


1-3780 


•75264 


% 




$9 


•69977 


1-4290 


•72609 


i-377» 


75309 


1*3*78 


I 


• 


60 


•70020 


1-4281 


•72654 


1-3763 


•75355 


1-3270 









Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 
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37 Deobess 


38 DSORERS 


39 Deobbes 






Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 






d 


75355 


1*3270 


•78128 


'•*799 


•80978 


r*348 


60' 




I 


75401 


1*3262 


•78175 


I •2701 
r27§4 
1*2776 


•81026 


1*341 


59 




% 


75446 


I '3154 
1*3246 


•78222 


•81074 


1*2334 
1*2326 


58 




3 


7549* 


•78269 
•78316 


•81113 


% 




4 


75537 


1*3238 


1*2768 


•81171 


1*2319 




5 


75583 


1*3230 


•78363 


1*2761 


•81119 


1*2312 


SS 




6 


756*9 


1*3222 


•78410 


'•*753 


•81167 
•81316 


1*2304 


54 




7 


75675 


1*324 
1*3206 


•78457 


1*2745 


1*2297 


53 




8 


*757io 


•78504 


1*1738 


•81364 


1*2290 


5* 




9 


•75766 


1*3198 


•78551 


1*1730 


*8i4<2 


1*2283 


51 




10 


75812 


1*3190 


•78598 


1*1712 


•81461 


1*2275 


50 




II 


75858 


1*3182 


•78645 


1*1715 


•81509 


1*2268 


49 




IZ 


75904 


>*3I74 
1*3166 


•78692 


1*2707 


•81558 


1*2261 


48 




U 


75949 


78739 


1*1700 


*8i6o6 


1*2253 


47 




H 


75995 


I 3 158 


•78786 


1*1692 


•81654 


1*2246 


46 




ij 


•76041 


13150 


•78833 


1*2684 


•81703 


1*2239 


45 




i6 


•76087 


1*3142 


•78880 


i**677 


•81751 


1*2232 


44 




:i 


•76133 


1*3134 
1*3126 


•78928 


1*2669 


•81800 


1*2224 


43 




76179 


•78975 


1*1661 


•81849 


1*2217 


4* 




'9 


•76225 


1*3118 


•79022 


1*1654 


•81946 


1*2210 


41 




20 


•76271 


1*3111 


•79069 


1*1647 


1*2203 


40 




21 


•76317 


1*3103 


•791 17 


1*1639 


•81994 


1*2195 


It 




22 


•76363 


1*3095 


•79164 


1*1631 


•82043 


1*2188 




aj 


•76409 


1*3087 


•7921 I 


1*1614 
1*2616 


•82092 


1*2181 


H 




44 


76455 


1*3079 


•79*59 
•79306 


*82i4o 


1*2174 
I '2166 


36 




as 


•76501 


1*3071 


1*1609 


*82i89 


35 




26 


•76548 


1*3063 


•79353 


1*1601 


*82238 


1*2159 


34 




^i 


•76594 


1*3055 


•79401 


\^M 


*82287 


1*2152 


33 




•76640 


1*3047 


•79448 


•82335 


1*2145 


3* 




*9 


•76686 


1*3040 


•79496 


1*1579 


*82384 


1*2138 


31 




JO 


•76732 


1*3032 


•79543 


1*1571 


•82433 


1*2130 


30 




31 


•76778 


13024 
1*3016 


•79591 


1*1564 
1*1556 


*82482 


1*2123 


29 




3» 


•76825 


•79638 


•82531 


1*2116 


28 




33 


•76871 


1*3008 


•79686 


1*1549 


•82580 


1*2109 


*Z 




34 


•76917 


1*3000 


•79733 


1*1541 


•82629 


1*2102 


26 




35 


•76964 


1*2993 


•79781 


1*1534 


•82678 


1*2095 


*5 




36 


•77010 


1*2985 


•79828 


1*1516 


•82727 


1*2087 


H 




12 


•77056 


1*2977 


•79876 


1*1519 


•82776 


1*2080 


23 




*77io3 


1*2969 


•799*4 


1*1511 


•82825 


1*2073 


22 




39 


•77149 


1*2961 


•79971 


1*1504 
11496 


•82874 


1*2066 


21 




40 


•77195 


1*2954 


•80019 


•82923 


1*2059 


20 




41 


•77242 


1*2946 


*8oo67 


1*1489 


•82972 


1*2052 


\t 




4& 


•77288 


1^2938 


•80115 


1*2482 


•83021 


1-2045 




43 


•77335 


1*2930 


*8oi62 


1*1474 


•83070 


1*2037 


^1 




44 


•77381 


1*2922 


•80110 


I •1467 


•83119 


1*2030 


16 




4J 


•77418 


1*2915 


*6o258 


1*1459 


•83169 


1*2013 


15 




46 


•77474 


1*2907 


•80306 


1*1451 


*832i8 


i'ioi6 


14 




47 


•77521 


1*2899 


•80354 


,•2444 


•83*67 
•83316 


fioo9 


13 




48 


•77567 


1*2891 


•80402 


1*1437 


I^lOOl 


12 




49 


•77614 


1*2884 
1*2876 


•80449 


1*1430 


•83366 


1-1995 


II 




50 


•77661 


•80497 


1*1411 


•83415 


- I •1988 


10 




5« 


•77707 


1*2868 


•80545 


1*1415 


•83464 


i^i98i 


9 




5a 


•77754 


1*2860 


•80593 


1*1407 


•83514 


i^i966 


8 




53 


•77801 


1*2853 


•80641 


1*1400 


•83563 


I 




54 


•77847 


1*2845 


•80689 


1*1393 1 


•83612 


ri959 




55 


•77894 


1*2837 


•80737 


1*1385 


*83662 


i^i95i 


5 




56 


•77941 


1*2830 


*8o785 


1*1378 


•837" 


ri945 


4 




57 


•77988 


1*2822 


*8o834 


1*2371 


•83761 


1*1938 


3 




58 


•78034 


1*2814 


•80882 


1*2363 


*838io 


1*1931 


2 




|9 


•78081 


1*2807 


•80930 


1*1356 


*8386o 


1*1914 


I 




60 


•78128 


1*2799 


•80978 


1*1348 


83909 


1*1917 









Cotangent 


Tangent 


Cotangent 


Tangent 


Cotangent 


Tangent 
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TABLB IIL 



40 Dbobbbs 


41 Dbgbsbs 


42 BTORna 






Tangent 


Cotangent 


Tangent 




Tangent 


Cotangent 






o* 


•83909 


1-1917 


•86918 


11503 
11496 


*9004o 


i*iio6 


60' 




I 


•83959 


i'i9io 


•86979 


90093 


1-1099 






3 


•84000 
•84058 


1190J 
i'i8o6 


•87030 
•87081 


1*1490 
1*1483 
1*1476 
11469 


•90145 
•90198 


\^ 


i 


4 


•84108 


1*1889 


•87133 


•90151 


1*1080 




S 


•84158 


1*1881 


•87184 


•90304 


rioTj 


i% 




6 


•84107 


\^ 


-87135 


1-1463 


•90356 


1*1067 


54 




i 


•84157 


•87186 


1-1456 


•90409 


1^1060 


53 




;84307 


1*1861 


•87338 


11449 


•90461 


1*1054 


51 




9 


•84406 


1-1854 


-87389 


1*1443 


•90515 


riQ47 


51 




lO 


1-1847 


•87440 


1-1436 


*90568 


I •1041 


50 




II 


•84456 


1*1840 


-87491 


1*1419 


•90611 


1*1034 


S 




11 


•84506 


11833 


•87543 


1*1411 


*9o674 


I'loiS 




14 


m% ^ ^ 


1*1816 
1*1819 


'^n 


1*1416 
1*1409 


•90717 
*9078o 


i-iou 
1*1015 


% 




15 


•84656 


1*1811 


•87697 


1*1401 


•90833 


1*1009 


45 




i6 


•84706 


1*1805 


1^ 


1*1396 


•90886 


I*IO01 


44 




\l 


*S*Z!S 


1-1798 


1*1389 


•90939 


1*0996 


43 




•84806 


1-1791 


-87851 


1*1381 


•90993 

•91046 


1*0989 


41 




>9 


•84856 


1-1784 


-87903 


1*1376 


1*0981 


41 




to 


•84906 


1*1777 


•87955 


I -1 369 


•91099 


1*0977 


40 




21 


•84956 
•85006 


1-1770 
1*1763 


•88006 
-88058 


1*1361 
1-1356 


•91151 
-91105 


1*0970 
ro964 


II 




13 


•85056 


1-1756 


'88110 


1-1349 


-91159 


1*0957 


% 




U 


•85106 


1*1749 


-88161 


1*1341 


•91311 


1*0951 




^S 


•85156 


"•1743 


•88113 


11336 


-91365 


10945 


35 




£6 


•85107 


1*1736 


-88165 


1-1319 


-91419 


1*0938 


34 




S 


•85157 


1*1719 


•88317 


1*1311 


-91471 


1*0931 


33 




•85307 


1*1711 


-88368 


1*1316 


-91516 


1*0915 


31 




29 


•85408 


1*1715 


-88410 


1*1309 


-91579 


1*0919 


31 




30 


1*1708 


-88471 


1*1301 


•91633 


1*0913 


30 




31 

3X 


•85458 
•85508 


1*1701 
1*1694 


-8851A 
-88576 


1*1196 
1*1189 


•91686 
•91740 


1*0906 


it 




33 


•85559 


1*1687 


-88618 


1*1183 


•91793 


1*0893 


12 




34 


•85609 


i*i68o 


-88680 


1-1176 


•91847 


1*0887 




35 


•85659 


1*1674 


-88731 


1-1169 


•91901 


1*0881 


»5 




36 
11 




1-1667 
11660 


-88836 


1-1163 
1-1156 


•91954 
•91008 


1*0868 


14 
13 




•8581 I 


1*1653 


•88888 


1*1150 


•91061 


1*0861 


21 




39 


•85861 


1*1646 


-88940 


1*1166 


•91115 


1*0855 


21 




40 


•85911 


1*1639 


•88991 


•91169 


1-0849 


20 




41 
4& 




1*1631 
1*1616 


-^ 


1-1130 
1*1113 


•91113 
-91177 


1*0836 


;i 




43 

44 


•86064 

•86II4 


1*1619 
1*1611 


-89148 
-89101 


1*1117 

1*1110 


-91331 
-91385 


1*0830 
i'oSh 


:i 




45 


•86165 


1-1605 


•89153 


1*1104 


•91439 


1^0817 


15 




46 


•86116 


1-1598 


•89305 


1-1197 


•91493 


1^0811 


14 




S 


•86166 


11591 
1-1585 


•89357 
•89410 


1-1190 
1*1184 


•91547 
•91601 


1*0805 
1*0799 


13 
12 




49 


1-1578 


-89461 


1*1177 


•91655 


1*0786 


II 




50 


•86419 


1*1571 


-89515 


1*1171 


•91709 


10 




51 


•86470 


1*1564 


•89567 


1*1164 


•91763 


1*0780 


i 




5* 


•86510 


i*»557 


•89619 


1*1158 


•91817 


'•0773 
1*0767 




53 


s 

«»^^ 


11551 


•89671 


1*1151 


•91871 


\ 




54 


I-I544 


•89714 


1*1145 


•91915 


1*0761 




55 


•86671 


1*1537 


•89777 


1*1138 


•91979 


1*0755 


5 




56 


•?&♦ 


1-1530 


'!^*9 


1*1131 


•93034 


1*0748 


4 




% 




1151J 


•89881 


1*1115 


•93088 


ro74a 


3 




1*1517 


•89935 


1*1119 


-93141 


1-0736 


2 




g 


1^ 


1-1510 
1-1503 


•89987 
•90040 


1*1111 
i*iio6 


•93197 
-93151 


1*0719 
1*0713 


I 








Cotangent 


Tangent 

BS 


Cotangent 


Tangent 


Cotangent 


Tangent 






4 
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43 Degrkra 


44 Deorhrs 






Tangent 


Cotangent 


Tangent 


Cotangent 






d 


•93251 


1-0723 


•96|68 


I -03 55 


60^ 




I 


•93305 


1-0717 


•96625 


ro349 


59 




% 


•93360 


1*0711 


•96681 


ro343 


58 




3 


•93414 


1-0704 


•96737 


ro337 


% 




4 


•93469 


10698 


•96793 


1*0331 




5 


•935*3 


1*0692 


•96850 


10325 


55 




6 


•93578 


ro686 


•96900 


ro3i9 


54 




7 


•93632 


I '0680 


•96963 


1*0313 


53 




8 


•93687 


10673 


•97010 
•97076 


1*0307 


5» 




9 


•93743 


10667 


1*0301 


51 




lo 


•93796 


I -0661 


•97132 


1*0295 


50 




II 


•93851 


1-0655 


•97189 


1*0289 


S 




IX 


•93906 


1-0648 


•97MS 


1*0283 




n 


•93961 


10642 


•97302 


1*0277 


% 




H 


•94015 


1*0636 


•97359 


1-0271 




15 


•94070 


I '0630 


•97415 


1*0265 


45 




16 


•94125 


ro624 


•9747* 


1*0259 


44 




17 


•94180 


1-0617 


•97519 


1*0253 


43 




18 


•94135 


I -0611 


•97585 


1-0247 


41 




'9 


•94490 


1-0605 


•9764a 


1-0241 


41 




i »° 


•94345 


10599 


•97699 


1*0235 


40 




£1 


.94400 


1-0593 


•97756 


1*0229 


39 




22 


•94455 


1-0587 


•97813 


1*0223 


38 




»3 


•94510 


1-0580 


•97870 


1*0217 


^I 




14 


•94565 


1-0574 


•97917 


I -0211 


36 




»5 


•94620 


1-0568 


•97984 


1-0205 


35 




z6 


•94675 


1-0562 


•98041 


1^0199 


34 




»7 


•94730 


1-0556 


•98098 


roi93 


33 




£8 


•94785 


1-0550 


•98155 


1-0187 


31 




29 


•94841 


1-0543 


•98212 


1-0181 


31 




30 


•94896 


i^o537 


•98269 


1-0176 


30 




31 


•94951 


I -053 1 


•98326 


1*0170 


*2 




3» 


•95007 


1-0525 


•98384 


1-0164 


28 


33 


•95062 


1-0519 


*9!4M 


1^0158 


S 




34 


•951 17 


1-0513 


•98498 


I •0152 




35 


•95173 


1-0507 


•98556 


I •0146 


15 




36 


•95228 


1-0501 


•9861J 


1*0140 


H 




37 


•95284 


1-0494 


•98670 


1-0134 


43 




38 


•95339 


1-0488 


•98728 


1*0128 


22 




39 


•95395 


1-0482 


•98785 


■•OI2A 


21 




40 


•95450 


1-0476 


•98843 


1*0117 


20 




41 
41 


•95506 
•95562 


1-0470 
1-0464 


•98900 
•98958 


font 
i^oio5 


;i 




43 


•95617 


1-0458 


•99015 


10099 


'Z 




44 


•95673 


1-0452 


•99073 


1-0093 


16 




45 


•95719 


1-0446 


•991JI 


1-0087 


15 




46 


•95784 


1-0440 


•99188 


1-0081 


14 




47 


•95840 


1-0433 


•99246 


I -0075 


13 




48 


•95896 


1-0427 


•99304 


1-0070 


12 




49 


•95952 


I -0421 


•99362 


1*0004 


11 




50 


•96008 


1-0415 


•99419 


1-0058 


10 




51 


•96064 


1*0409 


•99477 


I '0052 


% 




5» 


•96120 


1-0403 


•99535 


1-0046 




53 


•96176 


1-0397 


•99593 


1-0040 


I 




54 


•96232 


1-0391 


•99651 


10C34 




55 


•96288 


10385 


'99709 


1-0029 


5 




56 


•96344 


1-0379 


•99767 


1-0023 


4 




57 


'964CO 


1-0373 


•99815 


1-0017 


3 




58 


•96456 


1-0367 


•99883 


i-ooii 


% 




59 


•96s'?. 


I -0361 


•99941 


1-0005 


I 




60 


•96568 


10355 


1*0009 


I -0000 









Cotangent 


Tangent 


Cotangent 


Tangent 
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TABLE IV. 



ANGLES, EADn, Ain) DISTANCES FOB BAILWAY OBOSSINO& 



Pitch of 
Crossing 


Angle 


Badias 


Distance of 
Point of 

Switch from 
Point of 
dossing 


Crois-OTer Boad 

Distance of Point of Switch from 

Point of Becnrvatnre, or Half -lengtii 

of Boad 


For 6 feet 

between 

Boada 


For 7 feet 

between 

Beads 


ForSfert 

between 

Beads 




Deg. 


Min. 


Feet 


Ft. In. 


Feet 


Feet 


TMt 


1 in 5 


11 


26 


287 


47 


51 


53 


55 


1 in 6 


9 


32 


341 


56 7 


61 


64 


67 


1 in 7 


8 


10 


464 


65 10 


72 


75 


78 


1 in 8 


7 


10 


603 


75 2 


82 


85 


89 


1 in 9 


6 


21 


768 


84 11 


92 


96 


100 


1 in 10 


5 


44 


938 


93 8 


102 


106 


111 


1 in 12 


4 


46 


1361 


113 1 


123 


129 


185 
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SETTING OUT CURVES WITHOUT A 

THEODOLITE, 

ON THE PEmCIPLB OP TANGENTIAL ANGLES, BY TANGENTS AND 
COBEESPONDING OFFSETS, CALCULATED FOB FIELD USB FROM 
THE SINES AND YEBSINES OF THE ANGLES AT THE CENTRE. 

To MAinr, even good practical engineers, there is an insuperable objection 
to the use of the Theodolite. For the purpose of setting out curves with- 
out this instrument^ the annexed tables have been calculated, so that 
the work may be done on the principle of tangents and tangential 
angles, merely by setting off the offsets from given distances on the 
tangents, such distances corresponding to the proper chainage on the 
curve. There are many engineers who still adhere to the old, very eld, 
system of ranging curves by short chords of a chain in length, and then 
offsetting to the curve, and thus bending round at the length of every 
chain ; but all those who have actually done much field work, know how 
tedious and imcertain the system, and no vone better than the writer, 
who used it some twenty-five years ago, in setting out many miles of 
eurves in a very hiUy country. The tables here given do away with all 
uncertainty, and the work may be done rapidly and with accuracy. 

In the accompanying diagram, p. 146, let ab represent a chain's length 
on any circular curve, and let b c be a second chain's length on such curve; 
let D A be tangent to the curve at the point ▲, and let b be the centre 
of the curve. The angle at the centre b s a is equal to twice the angle 
BAD, and, similarly, the angle o s a is equal to twice the angle c a d ; b f 
is the sine of the angle b b a, and f a is the versine of the same angle ; 
and c o is the sine of the angle c b a, of which o A is the versine. 

The sines b f and c o are parallel to the tangent ad, and the versines 
FA and o A are at right-angles to ad. 

On AD, set off A H, equal to f b, and also h', equal to ob ; now, if from 
H we set off the right-angled offset h b, equal to A f, and from h*, the 
right-angled offset h* c, equal to A o, we get two points on the curve, viz., 
B and c, each one chain's length from the other ; for b a and o A are each 
equal to one chain. In the right-angled parallelogram b A, b h is equal to 
the versine fa of the angle bba; and also in the right-angled paral- 
lelogram A, h' c is equal to the versine aq of the angle ob A« Axl^ 
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SETTING OUT CURVES 



other number of points on the curve might haye been obtained in the 
same manner. In the tables here given, the tabular * tangents ' all cor- 
respond to A H, A. h\ A H^ and a h', &c. ; and the tabular offsets all cor- 
respond to HB, H*c; H*c*, H*c*, for different radii of curves, and 
for points along the curve distant half a chain each from each, so that a 
curve of any radius given in the tables may set out on the ground, with- 
out theodolite, with the greatest facility and with perfect accuracy by 




any one who can chain with care and set off a right-angled ofi&et, both 
simple operations, which even a good ganger is perfectly competent to 
accomplish, so that, with the tangent starting point, and the direction 
of the tangent being given on the ground, much time may often be saved. 
As an example, we will take a curve of 10 chains radius ; — preferring 
still to the last figure, and to Table lY., let a b be the first chain, b c 
the second, and c c* the third chain, &c. &c. ; leaving the half chains out 
of the question for the present, we find the length of the first tangent to 
be 99*8, to which make a h equal ; make a h* equal to 198*6, the length of 
|;he next tangent in the table ; — chaining still on in the direction A.D, make 
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AH* equal to 295*5 for the length of tangent for the third chain h', and 
then on to h', leaving a mark at 389*4 for the fourth chain at h', &c., &c. 

Kef erring now to the column of offsets, make h b equal to 5*0 links, 
which will give the length and direction of the first chain a b ; — from h* set 
off h' c at right angles to A d, and make h* c equal to 19*9 links ; this will 
give the length and the direction of the second chain h^ c. In the next place, 
from H^ set off H* c * at right-angles to A d ; from the column of offsets in 
the table, take out 44*7, the length of the offset due to the third chain, to 
which make h* c* equal ; this wiU give the length and the direction of 
the third chain c c *, and so on until we change the direction of the 
tangent. "We now come to the operation of .setting out a curve from one 
tangent to the other, as shown in fig. 2 on the next page, in which we 
will suppose the radius of the curve to be still ten chains. It may be 
observed here, as regards the actual meaning of the words ' chain,* and 
* link,' that the length of chain may be 100 feet, or 100 links =66 feet, 
or 100 decimetres, it being only necessary, according as we are working 
on one or the other system, to have a chain of the proper length, and a 
ten feet, ten link, or ten decimetre rod, with each unit properly divided 
into tenths, so as to be able to do the work with sufficient accuracy. If, 
for instance, we Jiave a ten * chain ' curve, then we shall use the ordinary 
66 feet chain and a ten link staff, properly divided ; and if we have a 
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a 
ten feet staff divided into feet and tenths, &c., &c 

In the figure now referred to, it will be seen that it is here proposed 
to illustrate the two methods of setting out, that is, with and without 
theodolite, both systems being applications of practical mathematics in 
the field : in the one system we set out by angles and chords, and in the 
other by the lineal measurements of the angles only ; both systems will 
bring about exactly the same results if properly carried out. Commencing, 
then, at the very beginning of the work, we measure the angle a c b, and 
divide it by 2, which gives the angle acq; deduct this from 90^ and we 
get the angle c o A, to which A o is the tangeiat. 

Let the angle b c A measure 79°— 36', half of which is 39®— 48', equal 
too c A ; subtract this from 90°, and we shall have 50°— 12', equal to the 
angle coa, to which ca is the tangent. The first point we require 
is a; to find this we take out from Table III. the natural tangent 
of 50° - 12', which is 1*2002 ; this, multiplied by the radius of the curve, 
gives the length of ca, which, measured off from c, fixes the point a; in 
the present case, 1*2002, multiplied by 10, gives 12*002, which, measured 
off along the tangent c A, fixes the point A. 

This preliminary settled, we may proceed with our work of setting out. 
The direction of a c having been carefully determined already, we have 
only to chain on from A to 1', equal to 99*8, leaving there some small 
pig. (as of course we are supposed to do all along), and on to 2', equal 
to 198*6, and to 3', equal to 295*5, and so on to 6', equsd to 



of points on the eant might havn been obttdned In th« 
Mme mniuier. In the tables liere given, the tabulae ' tangents ' all cor- 
t-eepond to i.11, lb', x h', and x b', &c. ; and the tsbnlar offseta all cor- 
l-eapond to hb, h'c; h'c', h'c', for different radii of cmreB, and 
for point* along the curve distant half a chain each, from each, so that a 
cnrreof any radius given in the tables maj set out on the groDsd, with- 
out theodolite, mlh the greatest fkcility and «itli perfect accoracj bj 
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va-j one vho can chain with tare and get off a right-angled offiel, both 
nmple operations, which even a good ganger is perfectl; competent to 
accomplish, so that, with the tangent starting point, and the direction 
of the tangent t)eing given on the ground, much time maj often be saved. 
Aa an example, we will take a curve of 10 chuns radius ; — referring 
■till to the last figure, and to Table IV,, let i. b be the first chain, b c 
the second, and c o' the third chain, &c. &c. ; leaving the half chains out 
of the qnestion for the present, we find the length of the first tangent to 
be 98'8, to whidi makeAneqnal ; make a a' equal to 198'S, the length of 
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ah' equal to 295*5 for the length of tangent for the third chain h^ and 
then on to h', leaving a mark at 389*4 for the fourth chain at h', &c., &c. 

Referring now to the column of oiFsets, make H b equal to 5*0 links, 
which will give the length and direction of the first chain a b ; — from h^ set 
off k' c at right angles to a. d, and make h* c equal to 19*9 links ; this will 
give the length and the direction of the second chain h* c. In the next place, 
from H* set off H* c * at right-angles to a d ; from the column of offsets in 
the table, take out 44*7, the length of the offset due to the third chain, to 
which make h* c* equal ; tliis will give the length and the direction of 
the third chain c c ^ and so on until we change the direction of the 
tangent. "We now come to the operation of .setting out a curve from one 
tangent to the other, as shown in fig. 2 on the next page, in which we 
will suppose the radius of the curve to be still ten chains. It may be 
observed here, as regards the actual meaning of the words * chain,' and 
* link,' that the length of chain may be 100 feet, or 100 links =66 feet, 
or 100 decimetres, it being only necessary, according as we are working 
on one or the other system, to have a chain of the proper length, and a 
ten feet, ten link, or ten decimetre rod, with each unit properly divided 
into tenths, so as to be able to do the work with sufficient accuracy. If^ 
for instance, we Jiave a ten ' chain ' curve, then we shall use the ordinary 
66 feet chain and a ten link staff, properly divided ; and if we have a 
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a 
ten feet staff divided into feet and tenths, &c., &c. 

In the figure now referred to, it will be seen that it is here proposed 
to illustrate the two methods of setting out, that is, with and without 
theodolite, both systems being applications of practical mathematics in 
the field : in the one system we set out by angles and chords, and in the 
other by the lineal measurements of the angles only ; both systems will 
bring about exactly the same results if properly carried out. Commencing, 
then, at the very beginning of the work, we measure the angle a c b, and 
divide it by 2, which gives the angle acq; deduct this from 90^ and we 
get the angle c o A, to which a o is the tangeiat. 

Let the angle b c A measure 79°— 36', half of which is 39°— 48', equal 
too c A ; subtract this from 90°, and we shall have 50°— 12', equal to the 
angle c o a, to which c a is the tangent. The first point we require 
is a; to find this we take out from Table IIL the natural tangent 
of 50° - 12', which is 1*2002 ; this, multiplied by the radius of the curve, 
gives the length of ca, which, measured off from c, fixes the point a; in 
the present case, 1*2002, multiplied by 10, gives 12*002, which, measured 
off along the tangent c a, fixes the point A. 

This preliminary settled, we may proceed with our work of setting out. 
The direction of a c having been carefully determined already, we have 
only to chain on from a to 1', equal to 99*8, leaving there some small 
pig. (as of course we are supposed to do all along), and on to 2', equal 
to 198*6, and to 3', equal to 295*5, and so on to 6', equal to 
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other number of points on the curve might have been obtained in the 
same manner. In the tables here given, the tabular * tangents ' all cor- 
respond to A H, A. h\ ▲ H^ and a h', &c. ; and the tabular offsets all cor- 
respond to HB, H*c; H*c*, H*c^ for different radii of curves, and 
for points along the curve distant half a chain each from each, so that a 
curve of any radius given in the tables may set out on the ground, with- 
out theodolite, with the greatest facility and with perfect accuracy by 




any one who can chain with care and set off a right-angled ofi&et, both 
simple operations, which even a good ganger is perfectly competent to 
accomplish, so that, with the tangent starting point, and the direction 
of the tangent being given on the ground, much time may often be saved. 
As an example, we will take a curve of 10 chains radius ; — preferring 
stiU to the last figure, and to Table IV., let a b be the first chain, b c 
the second, and c c* the third chain, &;c. &;c. ; leaving the half chains out 
of the question for the present, we find the length of the first tangent to 
be 99*8, to which make a h equal ; make a h* equal to 198*6, the length of 
|;he next tangent in the table ;— chaining still on in the direction A.D, make 
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AH* equal to 295-5 for the length of tangent for the third chain h', and 
then on to h', leaving a mark at 389*4 for the fourth chain at h', &c., &c 

Referring now to the column of offsets, make h b equal to 6*0 links, 
which will give the length and direction of the first chain a b ; — from h* set 
off H* c at right angles to a d, and make h* c equal to 19*9 links ; this will 
give the length and the direction of the second chain h* c. In the next place, 
from H* set off H* c * at right-angles to a d ; from the column of offsets in 
the table, take out 44*7, the length of the offset due to the third chain, to 
which make h* c* equal ; this will give the length and the direction of 
the third chain c c *, and so on until we change the direction of the 
tangent. We now come to the operation of .setting out a curve from one 
tangent to the other, as shown in fig. 2 on the next page, in which we 
will suppose the radius of the curve to be still ten chains. It may be 
observed here, as regards the actual meaning of the words * chain,* and 
* link,' that the length of chain may be 100 feet, or 100 links =66 feet^ 
or 100 decimetres, it being only necessary, according as we are working 
on one or the other system, to have a chain of the proper length, and a 
ten feet, ten link, or ten decimetre rod, with each unit properly divided 
into tenths, so as to be able to do the work with sufficient accuracy. If, 
for instance, we Jiave a ten * chain * curve, then we shall use the ordinary 
66 feet chain and a ten link staff, properly divided ; and if we have a 
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a 
ten feet staff divided into feet and tenths, &c., &c 

In the figure now referred to, it will be seen that it is here proposed 
to illustrate the two methods of setting out, that is, with and without 
theodolite, both systems being applications of practical mathematics in 
the field : in the one system we set out by angles and chords, and in the 
other by the lineal measurements of the angles only ; both systems will 
bring about exactly the same results if properly carried out. Commencing, 
then, at the very beginning of the work, we measxire the angle a cb, and 
divide it by 2, which gives the angle a c o ; deduct this from 90® and we 
get the angle c o A, to which a o is the tangent. 

Let the angle b c a measure 79°— 36', half of which is 39**— 48', equal 
too c A ; subtract this from 90®, and we shall have 50®— 12', equal to the 
angle coa, to which ca is the tangent. The first point we require 
is a; to find this we take out from Table III. the natural tangent 
of 50° - 12', which is 1*2002 ; this, multiplied by the radius of the curve, 
gives the length of ca, which, measured off from c, fixes the point a; in 
the present case, 1*2002, multiplied by 10, gives 12*002, which, measured 
off along the tangent c A, fixes the point a. 

This preliminary settled, we may proceed with oup work of setting out. 
The direction of a c having been carefully determined already, we have 
only to chain on from a to 1', equal to 99*8, leaving there some small 
pig, (as of course we are supposed to do all along), and on to 2', equal 
to 198*6, and to 3', equal to 295*5, and so on to 6', equal to 
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other number of points on tlis entre might havA besn obtuned in tlie 
■use mniiner. In the tables here ^ven, the tabular ' tangents ' all cor- 
respond to 1. H, A h', A H*, and a a*, &c. ; and the tabular offsets all cor- 
respond to HB, h'c; h'c', h'c', for different radii of curves, and 
for points along the curre distant half a chain each from each, so that a 
carve of any radius given in the tables maj set out on the ground, ■mtb- 
out tieodolite, with the greatest facility and with perfect accuracy by 
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any one who can ch^ with care and set off a right-angled af&et, both 
umple operations, which even a good ganger is perfectly competent to 
accomplish, so that, with the tangent starting point, and the direction 
of the tangent being given on the ground, much time may often be saved. 
As an Biample, we will take a curve of 10 chains radius ;— referring 
still to the last figure, and to Tablo IV., let a b be the Brat chiun, b c 
the Becond, and c c' the third chain, &c. &c. ; leaving the half chains out 
of the question for the present, we find the length of the first tangent to 
be 9S'8, to which make AH equal; make ah> equal to 198'6, the length of 
the next tangent in Che table ;— chaining still on in the directionA.D, make 
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AH* equal to 295*5 for the length of tangent for the third chain h', and 
then on to h', leaving a mark at 389*4 for the fourth chain at h', &c., &c. 

Referring now to the column of offsets, make h b equal to 6*0 links, 
which will give the length and direction of the first chain a b ; — from h* set 
off H* c at right angles to A d, and make h* c equal to 19*9 links ; this will 
give the length and the direction of the second chain h^ c. In the next place, 
from H* set off H* c * at right-angles to a d ; from the column of offsets in 
the table, take out 44*7, the length of the offset due to the third chain, to 
which make h* c* equal ; this will give the length and the direction of 
the third chain c c *, and so on until we change the direction of the 
tangent. We now come to the operation of .setting out a curve from one 
tangent to the other, as shown in fig. 2 on the next page, in which we 
will suppose the radius of the curve to be still ten chains. It may be 
observed here, as regards the actual meaning of the words * chain,* and 
*link,' that the length of chain may be 100 feet, or 100 links =66 feet^ 
or 100 decimetres, it being only necessary, according as we are working 
on one or the other system, to have a chain of the proper length, and a 
ten feet, ten link, or ten decimetre rod, with each unit properly divided 
into tenths, so as to be able to do the work with sufficient accuracy. If, 
for instance, we Jiave a ten * chain * curve, then we shall use the ordinary 
66 feet chain and a ten link staff, properly divided ; and if we have a 
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a 
ten feet staff divided into feet and tenths, &c., &c 

In the figure now referred to, it will be seen that it is here proposed 
to illustrate the two methods of setting out, that is, with and without 
theodolite, both systems being applications of practical mathematics in 
the field : in the one system we set out by angles and chords, and in the 
other by the lineal measurements of the angles only ; both systems will 
bring about exactly the same results if properly carried out. Commencing, 
then, at the very beginning of the work, we measure the angle a c b, and 
divide it by 2, which gives the angle acq; deduct this from 90® and we 
get the angle c o A, to which a o is the tangent. 

Let the angle b c A measure 79°— 36', half of which is 39**— 48', equal 
too c A ; subtract this from 90®, and we shall have 50®— 12', equal to the 
angle c o a, to which c a is the tangent. The first point we require 
is a; to find this we take out from Table III. the natural tangent 
of 50° - 12', which is 1*2002 ; this, multiplied by the radius of the curve, 
gives the length of CA, which, measured off from c, fixes the point a; in 
the present case, 1*2002, multiplied by 10, gives 12*002, which, measured 
off along the tangent c A, fixes the point A. 

This preliminary settled, we may proceed with oup work of setting out. 
The direction of a c having been carefully determined already, we have 
only to chain on from A to 1', equal to 99*8, leaving there some small 
pig. (as of course we are supposed to do all along), and on to 2', equal 
to 198*6, and to 3', equal to 295*5, and so on to 6', equal to 
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664'6. We are here getting into oLstructiona of buehes and broken 
gronnd, and we will therefore set out a new tangent. Before doing this, 
however, we must sat out the ofisets which will determine the points on 
the CI 






I'l, equal lo 60 ; from 2' set out 2'2, equal to 199 ; 

I, equal to 44-T ; and so on to 6', where the 

offset 6'6 will be lli'5. It will he mmecesBBiy to obaoiTB that the line 
A ff must be cliHined perfectly atraight, and in line with the tangent A c, 
of which it forms a pan, and that each point must be canMl; set Out 
St its coiTeet length; also that the offsets must be set off perfectly square 
to the tangent, whicl:i should be done with the crosa-staf^ and, of course, 
that the length must be aecuralely set out. 

With regard to turning the stiaight line, or getting a new tangent : 
the setting out has been stopped at the 6th chain, then set the cnwfr- 
BtaS on the last tangent at 3', and through tbe pdnt 6 sight out the 
line from 3^, thraugb 3, on ssd beyond 14', according to the diatuiee 



Fig. 3. 




we intend to nin ont. The chaining is now to be recommenced from 
the point 6; 6, 7', is made equal to S9-8; 6, S', is made equal to ISS'G ; 6, 

a', is made equal tct235'S; and soon until «e get to 14', 

where tlie length is made equal to 717'4. Tbetabnlai oKels are set off 
iu the same manner as already explained, until we get to W, 14, where 
the length of ofiset is 2352. 

Here we propose again to set out a new tangent, and this ig done in 
the aame way as we did it last ; this time, however, we have set ont S 
additional chains on thecurre, therefore setup the cross- sta.ff&tvy.vG.^ 
B:ght the new taugent through tile poinl tcAxUe^ \V. 
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It if, irf eoQise, imdentood tliat tlis measoremeiits given abore, fix As 
InigthB of tBDgentauidDf&sts. are token from the tabular nmnbsra prta 
in the coliuniia of tangents anil of offieU in the Table. prepared fi» a 10 
chain enrre, and that theaa tabular numbere hare all been calmlated 
from the trisee and Teninea of tJie anglea at the centre of the carve. 

It is a vei7 common occmrence, when getting oat work, to meet with 
obatnictionB on the ground. We have an illustration at flg. 3, where the 
tangent nm* into and along the bank of a river. Set oat the work from 
1 and 2 as before, and &om A, set out a n eiactl7 li right-angles to the 
tangent, and make ad some 8 or ID feet, as convenient; in the next 
place, from any point b (carefully eighted on the tangent), set off n c, 
exactly equal to a s ; from 2 set off 2 a, exactly equal to a n and to b c ; 
■et up the croes-steff at j>, and see that d, b, and c are all three exactly 
in tine. From point b we can now set off from a to 3, 4, S, &c ; the off- 
Bcts Mt off from these poinu will merely be Sot 10 feet shorter than they 
would hare been otherwin. If the cross-Bloffis true, and the work is 

Fi0.i. 




carefully done, there will be no error. This method may also be adopted 
where the tangent runa along, or on the wrong side of a fence. 

In fig. i, we have an illustration of a case Kqniring even more care 
than the lost. Both the curve and the (ongent run for 2 or 3 chuna 
across a river. From I, 2, and 3, set out the of&etg as before. From 3 
set out 3 B, exactly at right angles to a 8, and observe both the angles 
B 3 a and b 3 8 to ensure that n 3 is reoUy eguare to the tangpnt, as other- 
wise the work will be valueless. lUake 3 b some 2 or 3 full chains long, so 
that it may be somewhere about equal to 3 c. Having done this, measure 
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the angle ^ b c with the box sextant ; enter the observation in the field 
book, and then measure th^ angle 3 c b : the two together should make 
up 90° ; if otherwise, the work has been badly done. 

Let the angle 3 b c measure 52°— 26', and let 3 b be exactly 2 chains. 
From p. 141 (Table III.), take out the natural tangent of 52°— 26', equal 
to 1-300, and multiply it by 2, and we shall have 260 for the exact length 
of the line 3 c. 

Now, let us suppose that we are setting out a 15 chain curve. By re- 
ferring to the proper Table, it will be found that for ▲ 3, the length ofthe 
tangent set out, we have 298, which, added to the above 260, gives 558 
for the length from A to c. The next chainage on our tangent is, by 
the Table, equal to 584*1, and the difference between this and 558 is 
equal to 26*1 ; and if on the ground we set out this 26*1 in continuation 
from c, we get the point 6, from which we may set off the offset due to 
the curve, which is 118*4. Through 3 and 6', we shall be able to set 
out a fresh tangent. 

The theory of setting out curves by tangential angles, or by the 
offsets given in the Tables, is very simple ; but in practice, some discretion 
is required in applying the theory, so as to obtain the best results in the 
easiest way. 

In setting out with the theodolite, it is very desirable not to have to 
remove the instrument oftener than is absolutely necessary, and there- 
fore stations should be selected, firom which as many stumps as possible 
may be set out at once. 

In the subjoined figure, p. 152, we select a case in point. Curves gene- 
rally run along the sides of hills, so as to diminish the depths of cut- 
tings and heights of embankments ; in the example given, we suppose 
the line to be in cutting. Let ▲ and d be the points of junction witJi the 
tangents, ▲ being the point from which the curve is to be run towards 
D. Now it will be perceived that a is at the foot of the hill, and that 
there are five hedges to intersect, each of which will considerably impede 
the view, if the instrument be set up at a, unless gaps are cut for every 
stump to be set out ; and this kind of work always occasions a great 
deal of loss of time, unless very tall ranging rods are used, which we 
object to, because they are never held sufSciently upright.* But if, 
instead of being in the hollow at a, the instrument were placed on high 
ground, we should be able to look back, and down upon the work, 
so as to see over the hedges. If, for instance, the instrument were 
placed at b, at the higher ground-level, not only should we be able to 
do this, but obtain also an unimpeded view towards d, and thus, after 
fixing the point b, range out the whole of the curve from one single 
point. 

* The writer, in his practice of setting ont works, hardly ever uses ranging rods, 
but prt^fers short pieces of white lath, whioh he always intersects close to fAe grouncf 
with the crosB-hairB of the diaphragm of the theodolite, 
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FroMl the plan wa take into the flsld, ire can «ltlil; ■stotuil vhethct 
thii point, B, ia at 8, 9, or 10 chaine on the cnrre — it doea not matUx 
vhich. We will snppoM that we arlect the 10th chain, and That we 
have DDT to do ie to fix the point b, oh the gioniiil, bom the point of 
jnnetian t, wbidi is at^ u,j, 23 chsins and 60 links. 

Now if from this point we can set out the line i. B correctly in leDgti 
and direction, point b will be correctl; fixed on the ground. Since the 
jnaction, a, is at 23-00, the length of curre, &oiu a to b, should be 
mttij 10-40. 




For a curve of tea chains radina, the taugentJal angle for 1 chain is 
equal to 2= 61-B' (Table m., p. 120); then for a length of lO'iO on 
Uiacnrvo, the angle cab, to ho set oat^ will be 2O51'0' » IO'tO=> 
29° 4T'6'. This angle will accnratel; fix the direction i. B ; therefbre 
set up the theodolite at A, and set oat thisangle of 29°47-S'; andas.in 
doing thia, we ahall be working from right to loR; on the inatrament. 
the reading on tie limb will bo 3B0''0' minnfl 29"47-6', equaT to 
330° 12'*' — the instrument beLng set np with o in the direction of C. 
We now WHut tlie length of the stmigbt line a b, whicb is the chord of 
that portion of the curve. Now, the choid of nn angle, or arc, is equal 
to twice the sine of half the angle anbtended by such arc, op chord; 
and the angle at the centre, which ia the angle subtended by onr arc or 
portion of curve b A, ia eqnal to twice the angle 29° 47-6', and w4 
have tlierefore to take twice the sine of this asgle. At page 83, wa And 
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the sine of 29*^47' =« -49672, and for 29^48' = -49697 ; the mean of 
which (more than near enough for our work) will be *49684, equal to 
the sine of our tangential angle, or to the sine of half the angle sub- 
tended by the arc or chord; and twice this sine multiplied by 2 
iequal to '99368, and this multiplied by the ten-chain radius of curve, 
equal to 993*68, 993 links and f . According to the care observed in 
chaining this distance, or the line a b, so will the point b be more or 
less accurately set out on the curve ; and as fi*om this single point, the 
18 stumps on the curve may all be set out without removing the instru- 
ment, it is worth while to measure out this distance as carefully as 
possible. 

We will therefore suppose this portion of the work accomplished, and 
only further remark that it may be carefully carried out in the field in 
a much shorter time than it will take to read this explanation, when 
once the method is weU understood. The half-chains have been left 
out in order to avoid confusion in the diagram, but for sharp curves 
these should always be set out. 

The instrument may now be removed to point b, with the vernier 
clamped to 29° 47*6', and the telescope turned on to a. The tangential 
angle, 2® 61*9' x '40 (the distance firom point A to stump 24), equal to 
1° 8-7', and this deducted from 29° 47-6' equal to 28° 38*9', which is 
the reading for 10 chains (page 120), equal to the distance on the 
curve, &om b to 24. To this angle therefore the instrument is set, 
and peg 24 driven at the end of the chain &om 23 to 24 ; the in- 
strument will now be set at 27° 13' (9J chains), and peg 24| driven 
at the end of 24| chains. The vernier is next set at 25° 47' (9 chains), 
and peg 25 driven in line with the centre of the telescope and at the 
end of chain from 24 to 25. The vernier is next made to read 24° 21' 
(8§ chains), and peg 25| is driven in the line pointed out by the in- 
strument, and at the end of 25| chains, &c., until we come to reading 
1° 25"9', which will fix the stump between 33 and 34 ; juad finally the 
vernier is brought to zero, which will fix the direction of the tangent 
to the curve at the point b. 

The telescope is now reversed, or turned over in its standards to set 
out the remainder of the curve. "We are now going to read from right 
to left, and we take the column headed * Left-hand Reading.* The first 
tabular number is 358° 34*1' (| chain), and this will fix the peg at 
34 J chains; the next reading is 357° 8*1' (1 chain), which will fix the 
direction at the end of 35th chain, and so on to the end of the curve. 

It will very often be found convenient to set out the whole of a curve 
with the theodolite from a single point in the middle of a curve, which 
may be done in the following manner. 

Eeferring to the diagrams at p. 148, it will be seen that c o is the 
secant to either of the equal angles a o c, b o c ; multiply the radius of 
curve by this natural secant, deduct radius, and the remaand&x ^^^r^N^ 
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the distance from c, the intersection of the tangents, to the middle of 
the curve ; set up the instrument at c, and lay out aline in the direction 
c o, by dividing the angle a c b exactly in two ; on c o, set off the dis- 
tance found, from c to the middle of the curve. This part of the work 
may be very accurately tested, for each of the angles of deflection from the 
middle of the curve to the tangential points A and b, should be found 
equal each to each, and their sum should be equal to the total angle 
of deflection acb, equal to half the external angle at o, which has 
always to be measured in order to set out the points a and b, from 
which the curve begins to deflect from each of the tangents. 

The total angle of deflection, cab, divided by the tangential angle 
for 1 chain, is equal to the length of the curve. We have now all that 
is required to enable us on many occasions to range from the middle of 
the curve every stump towards a and b. As an example, let the radius 
of a curve to be set out =20 chains ; angle of deflection cab, equal to 
half the external angle at c,b25^ — 21''226, half of which equal to 
12^— 40'*613=angle of deflection from the middle of the curve to either 
point of junction, a or b. 

Tangential angle for 1 chain « 111?^ =l«>-26'-946, and ^?!""f?!t!! 
^ ® 20 l**-26'-946 

s 8*85 chains « half length of curve. 

Let the distance from the last fall chain stump to the commencement 
of curve measure 60 links ; then we shall have 40 links of curve up to 
the next full chain stump, and the half length of curve = 8*85 — (0*40 + 8) 
« 0*45 a the distance &om point 8 to the middle of the curve. 

The tangential angle due to 40 links b85''945 x 0'40=:0^— 34'*4. 
„ „ „ 8 chains . . ell®— 27'-66, 

the sum of which, deducted from the above 12<'— 40''613, will leave 38''6 
for the tangential angle due to the 45 links from point 8 to the middle 
of the curve. 

Now plant the theodolite at the point ascertained as the middle of the 
curve, set the vernier to the angle of 12^— 40^*5, and bring the glass to 
bear on the stump at the commencement of the curve ; undamp and set 
to 120-6'-2 (12°-40'-6-34'-4) for the next stump, and then to 
10^— 40''2, for the following stump ; and so on to the end of the curve. 



TABLE V. 

TABLE FOB SETTING OUT CURVES WITHOUT THEODOLITE, ON 

9 

THE PRINCIPLE OP TANGENTIAL ANGLES, BY TANGENTS AND COR- 
RESPONDING OFFSETS, CALCULATED FOR PRACTICAL FIELD USE, 
FROM THE SINES AND YERSINES OF THE ANGLES AT THE CENTRES 
OP THE CURVES. 
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CONTBACT EARTHWORK TABLES AND 

MEASURING UP. 

Thb aocompanying Earthwork Tables have been prepared with a view 
of sparing labour and economising time in computations not only of 
great length, but always of considerable importance in railway, road, and 
other contracts, always requiring a great amount of checking before the 
calculations are considered as satis&ctory. Having been worked out lor 
eveiy six inches in depth, they will be found to produce more accurate, 
and, in contract matters, more satisfactory results, than are usually ob- 
tained. During the last eighteen months the writer has had to take out 
contract quantities of earthwork on some long and heavy lines, and the 
contractors particularly requested that the calculations should be made 
on this system. The tables in ordinary use only give quantities for 
every foot in depth ; those now submitted give the quantities for every 
gix inches in depth : and when it is considered that in cuttings, say from, 
30 to 35 feet deep, for every six inches in depth the quantities for the 
slopes only are upwards of 180 cubic yards, and for earthworks at 2 to 
1, and for the same depths, the differences are 250 cubic yards, it is not 
surprising that there has almost always been so much dissatisfaction 
in contract matters about earthwork calculations. 

To make this plainer, and at the same time explain the use of the 
tables, let the following few depths of cutting, from portion of a contract 
section, serve as an example. It is not that the mogt perfect accuracy 
of the tables in ordinary use is questioned ; but they are not carried 
fax enough, nor sufiKciently detailed. 



Formation, 20 feet ; slopes 1| to 1 ; 100 feet chain. 



I. 
31-90 
32-40 
34-50 
38-20 
42-43 
46-68 
52-30 
49-42 
49-30 



} 



n. 

8059-3 

8496 
10109 
11859 
14309 
17281 
17904 
16968 



m. 

8059*3 

8716-2 
101051 
12112-5 
14297-7 
17279-2 
18227*8 
17279-2 

1060770 



nr. 

32-05 

33-45 
36-35 
40-31 
44-65 
49-49 
50-82 
49*56 



In the above, Column I. gives the depths of the cutting in feet and 
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decimals, and Column 11., the quantities in cubic jards, &om the tables 
in ordinary use. Column III gives the quantities in cubic yards, taken 
from the accompanying tables, and due to the mean heights given in 
Column IV. Thus, 31-90 and 32-40 in Column I. give 32*05 for a mean 
depth in Column IV., and the tabular number in Table VI., for a forma- 
tion width of 20 feet, with 32 feet depth, gives 2370*4 cubic yards ; for 
the slope of 1| to 1, Table VII. gives 6688-9 cubic yards, at the same 
depth of 32 feet, and these two numbers, added together, 8059*3 cubic 
yards, entered in Column III. 

It will be observed of these tables, that the writer has adopted the 
plan of separating the quantities due to the formation width from those 
due to the slopes ; this has enabled him to bring within a very small 
compass tables calculated for every six inches in depth up to 80 feet^ 
for 10 different widths at formation, and for 8 different slopes ; there is 
no other trouble in making use of them^ than to pick out the tabular 
numbers and add them up, and the circumstance of their being calcu- 
lated to half a foot, makes them, in actual contract practice, much more 
accurate than tables calculated by the prismoidal formula for only every 
foot in depth, it being, of course, understood that in making use of these 
tables, it is to be done chain by chain of 100 feet along the length of 
section. 

It is also to be observed that the plan adopted of separating the forma- 
tion quantities from the slope quantities, offers great facilities in adjust- 
ing the balance of earthworks ; that is, of widening embankments for the 
disposal of excess of cutting, or vice versd : and also where it is advisable 
to resort to side cutting in the formation of embankments in preference 
to extra cutting from the excavations, all allowance being made for the 
long haulage of empty waggons over steep gradients, which are now the 
rule instead of the exception. 

Every engineer knows the importance of cross sections in order to 
arrive at practically and satisfactorily accurate results in determining 
the quantities in heavy earthworks ; he knows also that to obtain these 
results great care is required in plotting the cross sections of cuttings 
and embankments. Though the operation is exceedingly simple, he is 
equally well aware of the amount of time occupied in calculating the 
areas, and in checking the work. The Earthwork Tables here given will 
materially assist in reducing the time and care required in these opera- 
tions to a minimum. In the annexed figure, is a cutting in sidelying 
ground 35 feet deep at centre stump, but at a the depth scales only 
30*75 ; set off b a equal to 30*50, and the tables at once give the quantity 
in cubic yards due to the area ▲ b' c d, leaving merely the area of the- 
triangle ad s to calculate. If the area ab' c d is calculated &om the 
eioss section, the quantities from the tables will prove if ▲ b', b c, and 
c D have been correctly plotted, and the area accurately calculated ; the 
work will be safe from all chance of error. 

H 



CO^-rEiCT EAETB 



irOBK TABLES 



Iq batrj earthworki, we an all aware that in preparing the qiMiititi«* 

for the mDntht; certificates, thevork of squariiig np fram mcsBmeiuenb 
taken on the groimd always occupies coniideiable time. TaUe L of 



/ 



Earthworks will befbond to save much time in making these eatcnlatioiu. 
Of in checking tbem, as the anaeied figures will show. In fig. A, let a 
be 12 feet wide aud 15 fert high, then, by Table VI., we have 6667 
cubie yaida doe to this okc ; let b be 30 feet mean width, and 10 feet 



Fg A 




mean height ; twice 16 — 30 , on the 1 feet m colnmn 30 we have 555-6 
cubic japde, and tbis, multiplied bj 2, gives 1111'2 cubic yards iorthe 
portion b ; let the portion e be 65 feet mean width, and 9 feet mean 
height ; we may take twice 34 plus 17-67 by 8, and we ahall ha*B— 
71M 



And for the whole area of A « 



AND MEiSCEING UP. |B9 

At tiw neit point of meaflurement determined on, let the crosa sectioQ 
be M in fig B. Let a be 12 teet iride and IBJ feet hif^ ; for this first 
portion we get from Table VI., opposite IS-5, 733'l) cubic yatdfl ; for b let 
the mean width agreed to be 50 feet, and depth 20; then 24 plus 26 being 
equal to SO, ve take out ftom opposite 20 feat dsep I777'8 cubic yards, 




and 192S'E> cubic yards — 37037 cable jatds; for portion e let the mean 
width and mean height be 98 feet and 10 feet ; then for iridth we shall 
have four times 20 and 18 = 98, vbieh wilt give fromthe tables 2902-8 
and 666-T, equal to 3629-G cubic yaids. For the whole doe to area B, 

a- 733-3 
i = 3703-7 
c- 3620-5 

8066-5 cubic yardB=B. 
The mean of 3703-8 and 80flS'S ia equal to 68Sfi cubic jords, being 
the quastitj upon a length of 100 feet. But let us suppose thatit is 190 
feet instead of 100 ; then we take the 90 as a decimal, and we shall have— 
5SS5 



5SS6 
11181-S cabic yards. 
We will conclude by an apology to engineers for tlte dstaib above 
given ; but they will be so good as to remember that these pages will 
come into the hands of studenti, and even of worUng men, and that, 
necessarily, eipIauationB muet be fall and simple. 
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TABLE Vm. 

GRADIENTS. 

After la3riiig down the gradients on a working section, we have to 
calculate the rise or fall chain by chain ; on a line of only 10 miles in 
length this involves about 800 calculations, each of four or five figures, 
and as accuracy is imperative in this matter, the whole of the work has 
to be carefully checked. All those who have had to go through this 
operation, know the amount of labour it involves. It will be seen by a 
glance at Table VIII. that the work is there done ready to hand, and 
that by the use of it, the operation of checking the figures will be quite 
unnecessary. Every professional man knows also, that although the 
matter of calculating gradients for parliamentary sections is very simple, 
very serious mistakes often occur ; probably irom so much of this work 
being often done late in the night, when men are more than tired. The 
writer will just mention one case, which occurred not very long since. On 
an important line of about 20 miles in length, a clerical error of this 
description was carried through the section, and the consequence was 
that no further step was taken than to deposit the plans, for it was only 
afterwards, unfortimately, that the error was discovered. Not only 
about £2,000 in cash was lost in this matter, but the line of railway 
also. By a very simple use of this Table, and the application of a 
horizontal and a vertical scale^ even the possibility of error is entirely 
avoided. 
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HUKBEB'S GREAT WORK ON BRIDGE CONSTRUCTIOH. 

A COMPLETE and PEACTICAL TEEATISE on CAST and 
WEOUGHT-IRON BRIDaE CONSTEUCTION, including Iron 
Foundations. In Three Parts — Theoretical, Practical, and Bescriptiye. 
By "William Humbbb, Assoc. Inst. C.E. and M. Inst. M.E. Second 
Edition, in 2 vols. imp. 4to. with 95 Double Plates and 237 pages of 
Text, price £6 16«. 6d, half-bound in morocco. 

** A very valuable contribution to the standard literature of civil engineerinff. In addition 
to elevations, plans, and sections, large scale details are given, which vexr much enhance 
the instructive worth of these illustrations. No engineer would willingly be wiUiout ao 
valuable a fund of infomxation."--C7ivi2 Engineer and ArcAitecfe Journal. 

** The First or Theoretical Part contains mathematical investigations of the prlndples 
involved in the various forms now adopted in bridge construction. These investigations 
are exceedingly complete, having evidently been very carefully considered and worked out 
to the utmost extent that can be desired by the practical man. The tables are of a rerw 
useful character, containing the resnlts of the most recent experiments, and amongst 
them are some valuable tables of the weight and cost of cast and wrought>iron structures 
actually erected. The volume of text is amply illustrated by numerous woodcuts, plates, 
and diagrams ; and the plates in the second voltune do great credit to both dranghtamea 
and engravers. In conclusion, we have great pleasure in cordially recommending this 
work to our readers."— ^Wtean. 

" Mr. number's stately volumes lately issued— in which the most important bridges 
erected during the last five years, imder the directions of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great detbaiV—JSngineer, 

THE HIGH-PRESSTTRE STEAM EirGINE. 

THE HIGH-PEESSURE STEAM ENGINE : an Exposition of its 
Comparative Merits, and an Essay towards an Improved System of 
Construction, adapted especially to secure Safety and Economy. By 
Dr. Ernst Alban, Practical Machine Maker, Plan, Mecklenberg. 
Translated from the German, with Notes, by Wm. Pole, C.E., F.B.A.S.y 
Assoc. Inst. C.E. With 28 fine PUtes, 8vo. I6s,6d. clodi. 

TABLES OF CTTRVES. 

TABLES of TANGENTIAL ANGLES and MULTIPLES f<x setting 

out Curves from 5 to 200 Radius. By ALEXA2n>EB Beazblbt, Mw Inst. 

C.E. Printed on 48 Cards, and sold in a cloth box, waistcoat-pocket 

size, price 3s, 6d» 

** Each table is printed on a small card, which, being placed on the theodolHe,^ leaves 
the hands free to manipulate the instrument— no small advantage as regards the rapi^ty 
of work. They are clearly printed, and compactly fitted into a small case for the pocket 
"-an arrangement that wtn recommend them to all practical men." ^^ 

•• Very handy : a man may know that aXl "Wa As^a ^cst'k. tkqs^. \«Sl<sb.N!«^ ^\'Cass«k ««»! 
which he puts into his own card-caee. and\e«R«»^*a ^^^^^^^^^^'"'^ Aikwiinvm^ ^^«^ 



Wor^s puhlished hy Lockwood ^ Co, 



HirXBSB'S MODESN ENGIlTEESIirG. 

A RECOKD of the PROGRESS of MODERN ENGINEERINa, 1864 : 
Comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and 
other Engineering Works. By William Humbeb, Assoc. Inst. C.E. 
and M. Inst. M.E., Author of * A Complete and Phvctical Treatise on 
Cast and Wrought-Iron Bridge Constniction.' Imp. 4to. with 36 
Double Plates, drawn to a large scale, and Portrait of Robert Stephen- 
son, 3/. Zs, half>morocco. 

** The eneineeriner annual before us fnlly maintains Mr. Hnmber's reputation as an. 
author. It is, as it professes to be, a re»nmi of all the most interesting and imiK>rtant 
works lately completed in CLreat Britain : and containing, as it does, carefnUy-executed 
drawings, with full working details, will be found a yaluable accessory to the profession 
at large."— J^M^rjMeer, Kov. 2^1, 18G5. 

** The entire work gives evidence of the display of a large amount of care and judgment 
by the author, both in the selection and arrangement of the materials. The book is one 
which cannot fail to be most favourably received, from its inherent worth and great value 
to the engineering profession."— Jfimn^ Journal, 

** A very excellent record of public works in progress, or completed in WHi^'—Artizan, 

** Mr. Humber has done the profession good and true service by the fine collection of 
examples he has here brought before theax?'— Practical Mechanic* a Journal, 

%* Also may be had, uniform with the above, imperial 4to. illus- 
trated with 36 Double Plates, and a Photographic Portrait of John 
Hawkshaw, Esq., FJl-S., late President of the Institution of Civil En- 
gineers, price 3/. 3«. half>bound in morocco, 

A RECORD of the PROGRESS of MODERN ENGINEERING, 1863. 

** Handsomely lithographed and printed, it will find favour with many who desire to pre* 
serve in a permanent form copies of the plans and specifications prepared for the guidance of 
the contractors for many important engineering yirox}s&,*'— Engineer, 

** The large plates illustratincr the works which have been selected by the Editor for the 
first examples of modem engineering progress are well executed, and the text is devoted 
to the specifications issued Imt th&engmeers« and upon which the tenders for the execui- 
tion of the works were based."'— ^rfixan, April 1863. 



This Wobk will be continued annually. The Volume for 1865, 
which is in preparation, will contain detailed Drawings of the prin- 
cipal Works executed in the Main Drainage of the Metropolis (except- 
ing the Pumping Stations, which will be included in a subsequent 
volume) ; and also detailed Drawings of the Thames Embankment. 

Amongst the Illustrations will be found the following : — Metropolitan 
Main Drainage : Works on the Northern Side — ^Works at River Lee ; 
Bridge over Marsh Lane and Bow and Barking Railway Junction ; 
Bridge over Main line of Bow and Barking Railway ; Bridge over th(> 
East London Water Works Feeder; Details of the Reservoirs, Outlets 
into the River and Penstocks. On the Southern Side — ^The Bellmouth 
Junctions of the Sewers on the Bermondsey Branch ; Details of Reser- 
Toirs, and General Sections of Sewer». ThaTnea Embankment : Steam 
Boat Pier, Westminster Bridge ; Landing Stairs between Westminster 
and Charing Cross ; Landing Stairs at York Gate ; Steam Boat Pier, 
Waterloo Bridge, &c. &&, with full detailed Sections of River Wall 
and Subway. 

The letterpress will contain a full description of the works of the 
Main J>ramage and Thames Embankment, together with articles on 
the Formation of Harboms, Pbrta^ and. Bc^kwaters, Fordfications, 
BoUing Stock, and Armour Plates. 
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OBLIQUE BBIDGES. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson Buck, 
M. Inst. C.E. Second Edition, corrected, by W. H. Baklow, M. Inst. 
C.£. Imperial Svo. 12^. cloth. 

HYDBAITLICS. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE for 
finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, 
and Rivers. By John Neville, Civil Engineer, M.R.I.A. Second 
Edition, with extensive Additions, New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. With numerous Woodcuts, 
Svo. 168. doth. 

LEVELLING. 

A TREATISE on the PRINCIPLES and PRACTICE of LEVEL- 
LING ; showing its Application to Purposes of Railway and Civil ^ 
Engineering, in the Construction of Roads ; with Mr. Telford's Rules 
for the same. By Fbedebick W. Simms, F.G.S., M. Inst. C.E. Fifth 
Edition, very carefully revised, with)' the addition of Mr. Law's Practical 
Examples for Setting out Railway Curves, and Mr. Teautwine's Field 
Practice of Laying out Circular Curves. With 7 Plates and numerous 
Woodcuts. Svo. Ss. 6d. cloth. 

N.B. — Tbautwine on Laying out Circular Curves may be had sepa* 
rately, price 5s, 

TTJNNELLIire. 

PRACTICAL TUNNELLING ; explaining in Detail the Setting out 
of the Works ; Shaft Sinking and Heading Dri>'ing ; Ranging the 
Lines and Levelling Under-Ground ; Sub-Excavating, Timbering, and 
the Construction of the Brickwork of Tunnels ; with the Amount of 
Labour required for and the Cost of the various Portions of the 
Work. By Frbdk. W. Simms, F.R.A.S., F.G.S., M. Inst. C.E., Author 
of **A Treatise on the Principles and Practice of Levelling," &;c. &c. 
Second Edition, revised by W. Davis Haskoll, Civil Engineer, Author 
of " The Engineer's Field-Book," &c. &c. With ] 6 large folding Plates 
and numerous Woodcuts. Imperial Svo. 1/. Is. cloth. 

HABBOTIBS. 

THE DESIGN and CONSTRUCTION of HARBOURS. By Thomas 
Stevenson, F.R. S.E., M.I.C.E. Reprinted and enlarged from the 
Article »' Harbours," in the Eighth Edition of "The Encyelopredia 
Britannica." With 10 Plates and numerous Cuts. Svo. 10*. 6d. cloth. 

CANAL ENaiNEEBING. 

CANAL and RIVER ENGINEERING. By David Stevenson, 
F.R.S.E., M. Inst. C.E. Small Svo. cloth, with Plates and Woodcuts, 
price 4s. 6d. 

CoxTENTs.— Introdnction. I.— Canals. II.— Rivers: their Physical Characteristics. 
III.— The " River Proper" Department. IV.— Tidal Compartments of RiM«».. '^ .— Kv 
plication of these Works in Practice. VI.— Instance* viYist^XJaft t^eoiRJc^'e^ *^'^"V*^F'SS!L 
ment recommended are not applicable. "Vll.— "WotVa lot *^^»»"™?Msa^'=ra. w^^,^*?^ 
VIII -" Sea Proper." Department of RWet%. IX.— ToTTw^\^OTl«aii.^«e«sMb.^^^^ ^^«^ 
X.— Table of the Phjsical Characterlstica ol "vaT\.oxxR"B.Vs«w.. 



8 TT'oj'ts piihlitked hy Lochwood ^ Co. 

STBEITQTH OF CAST IBOF be. 

A PRACTICAL ESSAY on th. STRENGTH of CAST IRON and 
OTHER ]U£TALS ; intended for the Asnituioa of EDginecni, Irou- 
IdMtcii, MiUwrigbtl, Archltecti, FoQuden, Smiths, and othsra engaged 
in the ConiCnution of Machines, Building*, &c. ; containing Piactical 
Bnles, Tablea,and Example!, founded on a series of Nev ExparimeDta ; 
with an Eitenaire TabU of the Properties of Materials. Bj the late 
Tboiub Tbzdooijj, !Uem. Inst. C.E., Author of " Klomentaiy Brinci- 
ples of Carpentry," " Historr of the Steam-Engine," &c. Illutitrated 
by wveral Engravings and Woodcutj, Fifth Edition, much improTed, 
with Notea hj Eaton Hoqoeihbon, F.R.S. ; to vhich are iidd«d 
EXPERIMENTAL RESEARCHES on the STRENGTH and OTHEIt 
PROPERTIES of CAST IRON ; -with the DerelopmBnt of New Prin- 
dples, Calculuitiona Deduced &om them, and Inquiries Applicabl* to 
Rigid and Tenacious Bodies generally. By the Editob. With 9 Eu- 
graringE and numeroua Woodcuts. Sto. 13j. cloth. 

%* HoDOKtMMM's Expasiuairru. Rmziachbs om thb Stbbkgth 
Aim OiKBB PaoPSBrus or Cast Iroic may be had separately. With 
£ngraTingB and Woodcuts. 8ti>. price 6s. i^tb. 

LATine OUT cttbteb. 

THE FIELD PRACTICE of LATINQ OUT CIRCULAB CURVES 
toe RAILROADS. By Johm C. Ta*rTwn.-B, C.E., of the United 
States (eitracted from Sraaa'a Work on Levelling). 8to. 6*. sswed, 

IB05 BBEAZWAIERB. 

ON IRON BREAKWATERS and PIERS. By E. B. W«bb, C.E„ 
M.I.C.E., &c. &e. With Illustratione. 4to. 2s. Bowed. 

VEALE'S ZKGIIIESB'B FOCEET-BOOE. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'a ; formerly Wealb's). Published 
Annually. (1866. Now ready.) 

•^* No effort has been spared to render this book erery year slill 
more worthy of the laige patronage which has been ertcnOed to it. 
Under the superintendence of a practical Engineer and Architect, new 
articles are introduced, and the whole carefully reviecd and adapted to 
the present advanced state of Science. 
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SOD pp. handsomely | 
FIRES, FIBE-EN0INES, and FISE-BRIQAIIES: withaHistoijof 
MFuinitl and Steam Fire ^■^"r""'"i ihea CdnEtmetion, Use, and MuiAg*- 
ment; Hints for the formation of Fir* BrigadM, Statistics of Con- 
tinental Fire SjBtams, Kemarki on Fire-proof Buildingt, the 
Preserration of Life &om Fire, &e. By Chaslm F. T. Yocko, 
C.E., Author of " The Economy of Steam Power on Common Boada." 

EABISWOBE, KEASUBBHEHT AHD CIALCin.ATIOn OF. 

A MANUAL on EARTHWORK. By Auoc J. S. GRiHiM, C.E, 
Resident Engineer, Forest of Dean Centml Bulway. ^Vitli nnmenDS 
Diagiama. ISmo. 2t. bd. cloth. 
"We c&n cardial]; leconuaeod Ibe nork to tlu notice o( oni Teiden."— jBniUiiw J/nn.' 
" Ai k really bud; book tor ntaceoM, He know at aa work eqtui to It ; and the nllmf 
(sgiuMre and oLhera emiiloyed in the mwanrsmaQt md oalonlaHnn al earthwork will find 
a nnat amaiint of imotioal ialoniiulon mr admlnblj ■rraiuad, and HaUable lor 
■enenl or roD(h entDwtaa, uwell aa loi tlie mora exact oaUnlatlaii* reanlred in tlM 
MgbHMa' eoBmotora eflloea. — Jrttam. 
"^nie object of tUallttlB book ii an InTBatdjatlon of aU thenlzu^lH reqnSalta lor tlM 

tor BOOh qparatloiu. The autlwr haa erldentlj bcatored mDoh oare In eJfoodnf tUa 
object, and points ontwlth mmli deatnen the leantu at Ui own obaarratlani. deiiTed 
trom practical eicerienoe. The mbdeota Eraaud ol ars aoocaunnied br well-aucntad. 
dia^irama and InatruotiTa examfleb"— .dnv owl Navv QoMtUt. 

KAILWAT EHBISElBIlTa. 

THE PRACTICAL RAILWAY ENQINEEB. A Condse Descrip- 
tion of the Engineering and Mechanical Operations and Stmctnivs 
which are comtnned in the Formation of Railways for Public Traffic; 
embracing an Accoimt of the Piincipal Works executed in the Cod- - 
struction of Railwajs ; with Facts, Fignrea, and Data, intended to 
HBsist the Civil Engineer in designing and executing the important 
details required. Sy G. Dbtsd&lb Dekfsbt, C.E. Fourth Bditioi:, 
revised and greatly extended. With 71 dooble quarts Plates, 72: 
Woodcuts, and Portrait of OiOBoa Stephbksoh. One large toL Ito. 
21. 12(. 6d. doth. 
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TIELD-BOOX FOB ENGHTESBS. 

THE ENGINEER'S, MINING SURVEYOR'S, and CONTRAC- 
TORS FIELD-BOOK, fop Expediting Field-Work Operations ; being 
a series of Tables, with Rules and Notes, for Plotting Traverse Sur- 
veying and giving Differences of Level with Corresponding Horizontal 
Distances in taking Levels with the Theodolite, and for setting out 
Curves and Slopes without Calculation. Arranged for any Unit of 
Measurement, as Chains or Feet, Links, or Metres. By W. Davis 
Haskoll, C.E. Price 12*. strongly bound, roan tuck, with pockets, 
gilt edges. 
••A very nseM work for tht practical engrineer and wxnejor "—Railvay New9, 
** The book is very handy, and the Author might hare added that the separate tables of 

cinet and tangents to every minnte will make it nsefal for many other purposes, the 

genuine traverse tables existing all the Ka!m»."—Athenaum. 

*' The work forms a handsome pocket volume, and cannot fail, from its portability and 
ul&lity. to be extensively patronised by the engineering profession."— Jfin»7i/7 Journal, 

** We know of no better field-book of reference or collection of tables than that M . 
Haskoll has given."— ^r^«a». 

** A series of tables likely to be very useful to many civil engineers."— ^ttt^in^ Xewi, 

2BIDaE CONSTBUCTIOK IN MASONRY, TIXBEB, AND IRON. 

EXAMPLES of BRIDGE and VIADUCT CONSTRUCTION of 
MASONRY, TIMBER, and IRON. From the Contract Drawings 
or Admeasurements of select Works. By W. Davis Haskoix, C.E. 
With 46 Plates. Imp. folio, price 21. 2s. in wrapper, cloth back. 

'"This new work by Mr. Haskoll is an addition to his useful series on railway construe- 
tion, and cannot f au to be of value to the railway en^eer in susrgesting the best and 
(Cheapest forms of railway bridges and other constructive works. The engravings, which 
are all to scale, are executed in the best style."— iSai/way News. 

** Mr. Haskoll has produced a volume that must be considered to have a great deal o 
practical value. . . . The want of engineering drawings was much felt, and it was pre- 
cisely the class of which these examples are composed that were most wanted." 

Buildinff Hewn. 

"A number of verv excellent lithographs of different bridges and viaducts erected in 
England for some of the railway lines in masonry, timber, and iron."— Builder. 



AHCHITECTOHH. 
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CHAMBERS' CIVIL ARCHITECTITRE, BY OWILT. 

A TREATISE on the DECORATIVE PART of CIVIL ARCHI- 
TECTURE. By Sir William Chajibebs, K.P.S., F.R.S., F.S.A., 
F.R.S.S. With Illustrations, Notes, and an Examination of Ghrecian 
Architecture, by Joseph GTwilt, F.S.A. New and Cheap Edition, 
revised and edited by W. H. Leeds. With 65 Plates and Portrait of 
the Author. Royal 4to. 1/. U. doth. 

*•* A new edition of this standard architectural work (which has already passed through 
several high*priced issues), so cheap as to place it within the reach of the humbler classes 
of students and practical men, and at the same time so carefully edited and well executed 
as to make it worthy of a place on the shelves of the more opulent, cannot fail to be 
received as a boon by the professional public. 

COTTAGES, VILLAS, AND COITNTSY HOUSES. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and COUN- 
TRY HOUSES ; being the Studies of several eminent Architects and 
Builders; consisting of Plans, Ele^atloiis, and Perspective Views; 
with approximate Estimates of tlie Cost oi ea.Oa« \xi \\». ^1 ^W^a, 
price U. Is. cloth. 
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VILLA ABCHITECTITBE. 

A HANDY BOOK of VILLA AECHITECTURE ; being a Series of 
Designs for Villa Besidences in various Styles. With Deti^ed Specifi- 
cations and Estimates. By C. Wickes, Architect, Author of ''The 
Spires and Towers of the Mediaeval Churches of England," &c. First 
Series, consisting of 30 Plates ; Second Series, 31 Plates. Complete in 
one voL 4to. price 2L IQs, half-morocco. 

*^* Either Series may be had separately. Price \L Is, each, half* 
morocco. 

THE TOTTNG ABCHITECTS BOOK. 

HINTS to YOUNG ARCHITECTS ; comprising Advice to those who, 
while yet at school, are destined to the Profession ; to such as, having 
passed their pupilage, are about to travel ; and to those who, having 
completed their education, are about to practise. By Gteobge Wight- 
wick, Architect, Author of "The Palace of Architecture," &c. &c. 
Second Edition. With numerous Woodcuts. 8vo. 7*« extra cloth. 

VENTILATIOir. 

A TREATISE on VENTILATION, NATURAL and ARTIFICIAL. 
By Robert Ritchie, C.E., Associate of the Institution of Civil Engi- 
neers, London ; Past Vice-President of the Royal Scottish Society of 
Arts; Author of "Railways, their Rise, Progress, and Construction ; " 
** The Farm Engineer, with Remarks on the Ventilation of Farm Buildings,'' 
and various Prize Essays on the Ventilation of Factories, Ships, &c. &c. 
With numerous plates and woodcuts. 8vo. 8«. Qd, cloth. 

*' An interesting and extremely nsefol voltune, in which the subject of ventilation is 
completely and exhaustively treated."— Jf/uiiHir Journal, 

** We do not know to what work we could refer the reader for a more complete yet con- 
cise account of the whole subject of ventilation. This must continue to be for some time 
the text-book upon one of the chief difficulties of domestic architectural construction and 
of social h^giemcB."— Lancet. 

" A useful book on a most important and practical subject. • . . The subjects treated of 
are illustrated by numerous plates and wooacata,"—B»Uder, 

" Will be found exceedintrly useful as a book of reference by all those interested in the 
subject of ventilation, whether applied to public or private buildings, mines, or shins." 

** We would strongly reconunend Mr. Ritchie's book to young architects, builders, and 
amateurs in the sanatory condition of their fellowbreauiers, for it will put them tho- 
roughly on their guard against spending tipie and money in useless good intentions. . . • 
It would be out of place to quote much from a book so full of scientific remarks, and dia- 
grams, and references to them. We shall once again heartily recommend it to all who 
take an interest in the subject on which he so fully and so ably and candidly treats." 

North Britiih Agriculturist, 

BiriLDEB'S AND CONTBACTOB'S FBICE BOOK. 

LOCKWOOD & CO.'S (formerly WEALE'S ) BUILDER'S and 

CONTRACTOR'S PRICE BOOK, pubUshed annually. Containing 

the latest Prices for Work in all branches of the Building Trade, with 

Items numbered for easy reference, and an Appendix of Tables, Notes, 

and Memoranda, arranged to afford detailed information commonly 

required in preparing Estimates, &c. Edited by Geobge R. Bubnell, 

F.Gr.S., F.S.A., &c.. Civil Engineer and Architect. 12mo. ^s, cloth, 

lettered. (1866. Now ready.) 

*** This book is now the universally recognised arbitrator in the 8ettL«aiL«ct^K:k\9^^Ke^M%^ 
accounts. The present Edition (1866) has been thorow'S^As xe-iNsaRsai.*, «H«t3 >jflaRk,«5ia.^^p5^ 
has been carefully considered and compared vdt^x e:KiBJtta»'eT\fcfe\i«^A. ^.^^C!^^^^"'^^ 
from stereotype plates year after yeax, aa la the caae ^>eSl o-Oftfet^wswRA ^^J™^^^^c5src 
are not perpetnatedj and the opportunity \aWliL«ixVaeN«rs x«^t?cDS»^*>^20'^^'^^^^^^ 
prices and other desirable improvexnenta. 
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DBAWING FOB BITILDEBS AND STTIDEKTS. 

PRACTICAL KULES on DRAWING for the OPERATITE 

BUILDER and YOUNG STUDENT in ARCHITECTURE. By 

Gbosgb PncE, Author of a " Rudimentary Treatise on Perspective for 

Beginners." With 14 plates, 4to. 7«. 6rf. boards. 

OoHTBirTB.— I. Practical Rules on Drawing—Outlines. II. Ditto— the Grecian and Roman 
Orders. III. Practical Rules on Drawing— Perspective. IV. Practical Rules on Light and 
Shade. Y. Practical Rules on Colour, &c. &c. 



HAVAL AHCHITHCTUHH. 



-•o*- 



SEXP-BTTILDING AND STEAM SHIPS. 

SHIP-BUILDING in IRON and WOOD. By Andrew Mubhat, 
M.I.C.E., Chief Engineer and Inspector of Machinery of H.M.'s Dock- 
yard, Portsmouth; and STEAM SHIPS, by Robert Murray, C.E., 
Engineer Surveyor to the Board of Trade. Second Edition, in 1 voL 
4to. with 28 Plates and numerous Woodcuts, price lis. cloth. 

*'IndiBX>en8able in the office of the naval architect, whether employing wood or iron." 

Practical Mechanics' Journal. 

"Ouffht to be in the hands of every shipbuilder or Bhipwright,"— Sunderland Herald. 

IBON SHIF-BiriLDINe. 

ON IRON SHIP-BUILDING ; with Practical Examples and Details, 
in 24 Plates ; together with separate Text, containing Descriptions, 
Explanations, and General Remarks, for the use of Ship-owners and 
Ship-builders. By John Grantham, C.E., Consulting Engineer and 
Naval Architect. Fourth Edition. The Plates of the present work 
have been prepared, and the subjects drawn, in elevation, plan, and 
detail, to a scale useful for immediate practice, in a folio size, with 
Figured Dimensions, and accompanied by a small volume of Text 
(which may be had separately, price 25. 6d.) Price 1/. 55. complete ; 
the Plates, in wrapper, folio, and the Text in 12mo. red cloth limp. 



CAHPEHTBy. TIMBEHt ETC. 

TBEDGOLD'S CABPSNTST. 

THE ELEMENTARY PRINCIPLES of CARPENTRY : a Treatise 
on the Pressure and Equilibrium cf Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Hoofs, 
Uniting Iron and Stone with Timber, &c. ; with Practical Rules and 
Examples. To which is added an Essay on the Nature and Propertie* 
of Timber, including the Method of Seasoning rind the Causes and 
Prevention of Decay, with Descriptions of the Kinds of Wood used 
in Building ; also numerous Tables of the Scantlings of Timber for 
different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tjusdoou), Civil Engineer. With. 6a "EagtavYa^s, a Portrait of the 
Author, and several Woodcuts. "Eouitlo. ^^\Asm, toxnc^Xft^ wA wxa^ 

eiderably enlarged. Edited by Phtes "BilSLO^,^.^.^* ^Qt»\aa!^ 

ToL 4to. 21, 2s, in extra cloth. 



Worhs published ly Lochwood 4r Co, 11 



GBANDT'S TIMBEB TABLES. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, and 
BUILDER'S STANDARD aUIDE. By Richard E. Grandy. 12mo. 
price 7*. 6d. cloth. Comprising — For the Timber Importer and Mer- 
chant : An Analysis of Deal Standards, Home and Foreign, irith com- 
parative Values and Tabular Arrangements for Fixing Nett Landed 
Cost on Baltic and North American Deals, including aU intermediate 
Expenses, Freight, Insurance, Duty, &ic. ; also Practical Methods and 
Examples for Reduction, embracing Sdid, Lineal, Numerical and 
Superficial Quantities, Prices, &c. A C(nnplete Ex^sition of the- 
Square Timber Trade, North American and Baltic ; with Percentage 
Differences on String, Caliper, Cubic, and Running Measurements. 
Also Tabular Matter, with Nett Landed Cost, including aU intermediate 
Expenses, constructed on the data of a Progressive Rate • for First Cost 
in Dollars, Currency, or Sterling. American and Baltic Lathwood, 
Staves, &c., with particulars of Freights, Duties, Expenses, and 
Measurements, United States Exchange and Canadian Currency ; with 
Examples. For the Retailer and Builder : Copious Information, with 
Tables setting forth Nett Cost of Material and Workmanship to 
Builder or Manufacturer on Flooring, Sheeting, Joistiug, Skirting, 
Doors, Windows, Architraves, &c. per Square, Piece, Superficial or 
Lineal Measurement, Brickwork, Stonework, Excavations, Slating^ 
Tiling, Metal PiUars, Lead, Zinc, Corrugated Iron, Roofing, Felt,. 
Cisterns, Painting, Papering, Builders' Ironmongery, &c. 
*' This very useful volume."— JJttfWer. 

** The tables comprised in this work most afford material assistance to the timber mer- 
chant." — Mechanics* Magazine . 

" A vast number of very valuable tables for the timber importer and consumer." 

PracUecU MeekoHies* Journal, 

** A handy little guide to the timber trade. . • • The information is very complete." 

JhMinBuUder. 

"Everything it pretends to be : built up gradually, it leads one from a forest to a 
trenail, and throws in, as a makeweight^ a host of material concerning bricks, columns, 
cisterns, &c.— all that the class to whom it appeals requires."— JE^n^r^ifA Mechanic, 

** The only difficulty we have is as to what is kot in its pages. What we have tested of 
the contents, taken at random, is invariably correct."— J22iMtrate<i Builder's Journal, 

Dowsiira's timber HEScHAirrs companion. 

THE TIMBER MERCHANT'S and BUILDER'S COMPANION; 
containing New and Copious Tables of the Reduced Weight and Mea- 
surement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot ta- 
any given Price per Petersburg Standard Hundred; the Price per 
Cube Foot of Square Timber to any given Price per Load of 50 Feet ; 
the proportionate Value of Deals and Battens by the Standard, to 
Square Timber by the Load of 60 Feet ; the readiest mode of aseer- - 
taining the Price of Scantling per Lineal Foot of any size, to any 
given Figure per Cube Foot. Also a variety of other valuable in- 
formation, useM to all parties concerned or interested in the buying 
or selling of Foreign Timber. By Wtlliilm. Dowsing, Timber Mer- 
chant. Second Edition, including the Tariff of 1860. Crown 8vo.* 
3s. cloth. 

** Everything is as concise and clear as it can possibly be made. There caaaL^c^^os^ ^^ssqSsjw: 
that every timber merchant and builder ought to piQiae«& \\>,\MiciNQat& «as2ii. -vswkw^^ 
would, with use, unquestionably save aven gc««A> dasX ol \2axA, vdA^ ^?^^'^^^"V^^^ 
perfect accuracy in calculations. There is ai&o uaotacieT <^8**'^*'^Y^>''"^*^^^SSSkNS%^^ 
possess it; we mean all persona engaged iu caa^ry^I^«"WOO^^V«t^^^ATe^i*» ^^^^^ 

tam Its weight. Mr. Dowsing's tamea provide aa ©wsy TOftaac^ ^\?^^^nr^d.x»wtjv*« • 
person who has to do with wood ouglit to Ixave \toia Qomp^ac^cfa* — b-uvi. -d. 
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HICHOLSOK'S CAEPEITTSB'S GITIDE. 

THE CAKPENTER'S NEW GUIDE; or, BOOK of LINES for 
CARPENTERS: comprising all the Elementary Principles essential 
for acquiring a knowledge of Carpentry. Founded on the late Petkb 
Nicholson's standard work. A new Edition, revised by Abthub 
AsHPXTEL, Arch. F.SA., t<^ether with Practical Rules on Drawing, 
by George Pynb, Artist. With 74 Plates, 4to. 1/. 1*. doth. 

TABLES FOB FACKIKG-CASE XAKSBS. 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing-Cases, from six inches square and upwards. Com- 
piled by William Richardson, Accountant, Author of *The Calculator; 
or, Timber Merchant's and Builder's Guide.' Oblong 4to. cl. price 3«. 6d. 
•* Very luefnl to the trade."— C/fy Pretg, 

** An excellently arranged series of tables, of great value to merchants, shippers, and 
flbipowners. — ^rt/zara. 

** Will save much labour and calculation to packing*case makers and those who use 
packing-cases."— Grocer. 

Invaluable labour-saving tables."— /ronmon^er. 



MECHAHfCS, ETC. 



HECHANIC'S WORKSHOP COMPANION. 

THE OPERATIVE MECHANIC'S WORKSHOP COMPANION, 
and THE SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT ; 
comprising a great variety of the most useful Rules in Mechanical 
Science, divested of Mathematical complexity ; with numerous Tables 
of Practical Data and Calculated Results, for Facilitating Mechanical 
and Commercial Transactions. By W. Templeton, Au3ior of " The 
Engineer's, Millwright's, and Machinist's Practical Assistant.'* Ninth 
Edition, including the Author's latest Corrections, with the addition of 
Mechanical Tables for the use of Operative Smiths, Millwrights, 
Engineers, &c. ; together with several Useful and Practical Rules in 
Hydraulics and Hydrodynamics, a variety of Experimental Results, 
a»d an Extensive Table of Powers and Roots. 11 Plates. 12mo. f)s. 
bound. 

JfESIONING, VEASTTBIKa, AND VALUING ARTIFICERS' WORKS. 

THE STUDENT'S GUIDE to the PRACTICE of DESIGNING, 

MEASURING, and VALUING ARTIFICERS' WORKS ; containing 

Directions for taking Dimensions, Abstracting the same, and bringing 

the Quantities into Bill; with Tables of Constants, and copious 

Memoranda for the Valuation of Labour and Materials in the 

respective Trades of Bricklayer and Slater, Carpenter and Joiner, 

Sawyer, Stonemason, Plasterer, Smith and Ironmonger, Plumber, 

Painter and Glazier, Paperhanger. With 43 Plates and Woodcuts. 

The Measuring, &c., edited by Edwakd Dobson, Architect and Sur- 

rejror. Second Edition, witb t\ie Add\V\oiia on Deai^i, by E. Lacy 

Gambktt, Architect ; together witli TaVAoa ioT ^>c^\xs8i.Tixi% wA C^oJciYR^. 

In one rol. 8x0. 9s. extra doth. 
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EHeUTEEB'S ASHBTAHT. 

THE ENGINEKR'S, MILLWRIGHrS, anJ MACiriSItiT'S 

PRACTICAL ASSISTANT; comprising u OuUection of Usefol 

Tables, BuleN, and Data. Compiled and Airanged, irith Origimil 

Matter, by William Tbhpletos, Author of "The Operative Me- 

dmnio's Workaliop Companion." Third Edition. 18mo, is.id. cloth. 

" A perfect Tddfl msonm for all enfd^ed In mec^iutfoK] piiTHnltH."'lf«fjkaH{cj' UagazlKe. 

■* EveiT mechuLlc Hhonld becomo the poBaeBUr of ttie VDliuae, and a more Bnilabte 

preienC to im Hppnuitice la nay of tlie mectaanliKl tndee could cot poialb])' be made." 

SUTZB7ICIAL KEABTrBXHEin!. 

THE TR-UJESMAITR GUIDEtoSUPERFICIALMEASUEEMENT. 
Tables calculated &om 1 to 200 inches in length, b; 1 to 1U8 inches 
in breadch. Particularly recommended to Architects, Sutreyors, En- 
ters, Timber Merchants, Builders, Carpenters, Upholsterers, Couch 
tera. Looking and CrowTi Glass Dealecs, Painters, Stonemasons, &C. 

Bj Jambs HiWuiNos, Ecp. 3«. 6rf. cloth. 

KAKIFFACrnSI OF ntoiT. 

(, and Processes of IManiifitcture. By 
" " " Wood- 

New Edition, revised and enlarged. 8vo. price 9s. cloth. 
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MATHEMATICS, ETC. 

IHWOOD'S TABLES, ITEW AND EITLASOEO EDmOS. 

TABLES for the PL'ECHASING of ESTATES, Freehold, Copyhold, 
or Leasehold Annuitips, Advowsons, &e., and for the renewing of Leases 
held imder Cathedral Churches, Colleges, or other Corporate Bodies, for 
terms of years certain, and for lives; also, for Valuing Bevereiooary 
Estates, Deferred Annuities, Next Presentations, &c ; the Fire Tables of 
Compound Interest, the Grovemment Table of AnouitiBB, and an eiten- 
B!on of Smart's Tables. By Wii.i.iam Ihwood, Architect. 18th edition, 
with considerable additions, and new and taluable Tablesof Logarithina 
for the more difficult computations of the Interest of Money, Discount, i 
Annuities, &c. 12mo. pnce 6t. cloth. \Jiut publuhed. I 

tt^ This edition [the 16thl diJFen la mtiny Impottant partlculAre from former onei. ) 

"■ '^SS.'T" " '" "' 
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7BJLCnCAL UAIHEUATICS. 

MATHEMATICS for PRACTICAL MEN; being a. Conunoapkce 
Book of Pure uid Uiied BUUiemaUca. D«twied chieBy for the use 



of Civil EngioeeTS, Architects, and Sarverora. Bj OLorracs Gbboobi, 
LL.D., F.K.A.9. Enlatgad bv Hkkkt Ii4W, Oiril Engineer. Foufth 
Edition. caiefoUj revised ana correoted, by J. R. Yoxma, formerly 



the «";'(.''.' 
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Contexts of Grbgobt's Practical Mathematics— co«^mM«?. 



Transrerse Strain; Longitudinal Form 
of Beam of Uniform Strenffth; Trans- 
verse Strength of other Materials than 
Cast-iron ; the Strenjgrth of Beams accor- 
ding to the manner m which the Load is 
Dis&ibuted.— 5. Elasticity of Bodies sub- 
jected to aTransrerse Strain.-^ Strength 
of Materials to Resist Torsion. 



Chap. Vm.— Stbbnoth or Materials.— 

1. Besults of Experiments and Principles 

upon which they should be practically 

applied.— 2. Strength of Materials to 
; Besist Tensile and Crushing Strains: 

Strength of Columns.— 8. Elasticity and 

Elongation of Bodies subjected to a 

Crushing or Tensile Strain.— 4. On the 

Strength of Materials subjected to a 

APPENDIX OF COPIOUS LOGARITHMIC AND QTHER TABLES, to. &c. 

THE METBIC SYSTEM. 

A SERIES of IVIETRIC TABLES, in which the British Standard 
Measures and Weights are compared with those of the Metric System 
at present in use on the Continent. By C. H. Dowling, CE. 8vo. 
105. &d. strongly bound. 

•* Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other. '—AtJienceum. 

•• Their accuracy has been certified byProfessor Airy, the Astronomer 'RgssX.*'— Builder, 

" Resolution 8.— That advantage will be derived from the recent publication of Metric 
Tables, by C. 5E. Dowling, GM' —Rej^ort of Section Ft JBritish Association^ Bath, 

•• An onerous undertaking, the first work of its kind."— Joumoi of the Sodety of Arts. 

"Thoroughly reliable."— CiriV Engineer and Architects' Journal. 

COHPOUND INTEBEST AND ANNUITIES. 

THEOEYof COMPOUND INTEEEST and ANNUITIES; with 
Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mer- 
cantile and State Purposes. With an elaborate Introduction. By F^dob 
Thoman, of the Society Credit Mobilier, Paris. I'imo. cloth, 6s, 

** A very powerful work, and the Author has a very remarkable command of his subject." 

Professor A, de Morgan. 

"No banker, merchant, tradesman, ot man of business, ought to be without Mr» 
Thoman's truly * handy-book.' "—Review. 

**The author of this 'handy-book' deserves our thanks."— J»«ttran<» Gazette, 

" We recommend it to the notice of actuaries and accountants."— ul^^/xsum. 
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THE MILITABY SCIENCES. 

AIDE-IMEMOIRE to the MILITARY SCIENCES. Framed from 
Contributions of Officers and others connected with the different 
Services. Originally edited by a Committee of the Corps of Royal 
Engineers. Second Edition, most carefully revised by an Officer of the 
Corps, with many additions ; containing nearly 360 Engravings and 
many himdred Woodcuts. 3 vols, royal 8vo. extra doth boar£, and 
lettered, price 4^. lOs, 

*^^♦ A List of the Subjects amply and practically treated of, and of the prin- 
cipal Contributors, will be forwarded on application. 
** ▲ compendious encyclopcedia of military knowledge, to which we are grea^ v&As^«iu%i\i'' 

•'The most comprehensive work ol Teietence^iO ^"6 te^^i^axi vsAl 's^^^^S^'^*^^'^^^'' 
Among the list of contributors, some aeyeuts-aeven. Vn. Twas^iwc, NriaL\i«a ^^"'^^J^^^-w 
t2i#luVhest distinction in the services. . . • T^ie ^ox^t c^Km» »».^ V^^^*^^.^^ 
merit that by fax the larger portion ot ita su\3^ftcts. \ivjft ^i^eo. >^^^rWtS"^^^ 
practical men who have been Us contributoia;'— Volunteer Sero'^^i'i Qa»««'i- 
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ELECTBICITT. 

A MANUAL of ELECTRICITY; including Galvanism, Magnetism, 
Diamagnetism, ElQctro-I)3rnaniics, Magno-Electricitj, and the Electric 
Telegraph. By Hbxbt M. Noad, Ph.D., F.C.S., Lecturer on Chemistry 
at St. (*eorge*8 HospitaL Fourth Edition, entirely re-written. Illus- 
trated by 600 woodcuts. In Two Parts. Part I. Electricity and 
Galvanism. Part II. Magnetism and the Electbic Telegraph. 
Complete in 1 voL, 8vo. 1/. 4*. cloth. 

COKTEWTS or PART I. 



C^iap. I.— Statical or Frictional Elec- 

TRICITY. 

Ohapfl. II. and III.— Phexoheka or Fric- 
tional Electricity. 
Chap, rv.— The Electrical Machine. 
Chap, v.— Accumulated Electricity. 
Chap. VI.— Atmospheric Electricity. 



Chap. VII.— Galvanic or Voltaic Elec- 
tricity. 

Chaps. VIII. and IX.— Effects of the 
Voltaic Current. 

Chap. X.— Electho-Physioloot. 

Chap. XI.— Thermo-Elbctricity. 

Chap. XII.— Theory of the Voltaic Pile. 



contents of part II. 



Chap. XIII.— Magnetism. 
Chap. XIV.— Magnetism (continued). 
Chap. XV.— Magnetism (continued). 
Chap. XVI.— Magnetism (continued). 
Chap. XVII.— Magnetism (oontinuea). 



Chap. XVIII.— Electro-Magnetism. 
Chap. XIX.— Magneto-Electricity. 
Chap. XX.— The Electric Telegraph. 

Chap. XXI.— DiAMAGNBTISM. 

Chap. XXII.— Magnetic Hypotheses. 



*' This publication full;ir bears out its title of ' Manual.' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-physiology. To 
diflfuse correct views of electrical science, to make known the laws by which this myterious 
force is regulated, which is the intention of the Author, is an important task."— ^<A«n<ettm. 

*' Dr. Noad's Manual, in some departments of which he has had the counsel and assist- 
ance of Mr. Faraday, Sir WiUiMn Snow Harris, Professor Tyndall, and others, giving an 
additional sanction and interest to his work, is more than ever worthy of being received 
with favour by students and men of science. The style in which it is written is very exact 
and aloax."— Literary Gazette. 

" It is worthy of a place in the library of every public institution, and we have no doubt 
it will be deservedly patronised by the scientific community.' '—Mining Journal. 

*^* In the press, closely printed, post 8vo. with several hundred illustrations, 

THE STUDENT'S TEXT-BOOK of ELECTEICITY: a condensed 
resume of the History, Theory, and Applications of Electrical Science ; 
including all its latest practical Developments, and every recent Dis- 
covery. By Henry M. Noad, Ph.D., F.C.S. 

CHEMICAL ANALYSIS. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANALYSIS ; 

or Practical Instructions for the determination of the Intrinsic or Comr 

mercial Value of Substances used in Manufactures, in Trades, and in 

the Arts. By A. Normandy, Author of " Practical Introduction to 

Rose's Chemistry," andEditor of Rose's "Treatise of Chemical Analysis." 

Illustrated with woodcuts. Second and cheaper Edition, post 8vo. 9*. 

cloth. 

** We recommend this book to the careful perusal of every one ; it may be truly affirmed 
to be of universal interest, and we stronglv recommend it to our readers as a guide, alike 
indispensable to the housewife as to the phannaceutical practAtioner."— Medical Timee, 

**The Author has produced a volume of surpassing interest, in which he describes the 
character and properties of 400 different articles of commerce, the substances by which 
they are too frequently adulterated, and the means of their detection."— If tnin^ Journal. 

** A truly practical work. To placd the unscientific person in a position to detect that 
which might ruin him in character and fortune, the present work vUl prove highly valn- 
abJe. yd one can pemse this treatise without teemig & d««.it« to acquire further and 
deeper knowledge of the enticing science of chemical auaVn^\ft."— Expositor. 

" The very best work on the sulrfect the EngliaTu ptft» "haa ^et ^xotovcea.:* , 
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PBACTICAL PHILOSOPHY. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. John 
Carb, M.A., late Fellow of Trin. Coll., Cambridge. Second Edition. 
18mo. bs, doth. 

SCIENCE AHB ABT. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; exhibiting 

the most important Improvements and Discoveries of the Past Year 

in Mechanics and the Useful Arts, Natural Philosophy, Electricity, 

Chemistry, Zoology and Botany, Geology and Mineralogy, Meteorology 

and Astronomy. By John Tihbs, F.S.A., Author of " Curiosities of 

Science," " Things not Generally Known," &c. With Steel Portrait 

and Vignette. Fcp. price 6«. cloth. ' 

49* This work, published annnallv, records the proceedings of the principal scientific 
societies, and is indispensable to all who wish to possess a faithful record of the latest 
novelties in science and the arts. 

The VOLUME for 1866 contains a Portrait of Professor Phillips ; 
that for 1865 a Portrait of Major-Genebal Sabine, R.A. ; that for 
1864, a Portrait of Sib William Armstrono, C.B., LL.D., &c. ; that 
for 1863, a Portrait of Sib Charles Lybll, D.C.L., F.R.S. ; that 
for 1862, a Portrait of William Fairbairn, F.R.S., LL.D. ; and that 
for 1861, a Portrait of Lord Brougham. 

The above Volumes, price 6«. each, are all on sale. 

Also an EXTRA VOLUME, the International Exhibition 1862, 
with fine Photograph by the London Stereoscopic Company, price 6«. 

SCIENCE AND SCBIPTXTBE. 

SCIENCE ELUCIDATIVE of SCRIPTURE, and NOT ANTAGO- 
NISTIC TO IT : being *a Series of Essays on— 1. Alleged Discre- 
pancies ; 2. The Theory of the Geologists and Figure of the Earth ; 
3. The Mosaic Cosmogony ; 4. Miracles in general — Views of Hume 
and Powell ; 6. The Miracle of Joshua — ^Views of Dr. Colenso : Th«* 
Supematurally Impossible ; 6. The Age of the Fixed Stars — their Dis- 
tances and Masses. By Professor J. K. Young, Author of ** A Course 
of Elementary Mathematics," &c. &c. Fcp. 8vo. price Ss. cloth lettered. 

** FrofsBor Young's examination of the early verses of Genesis, in connection with mo- 
dem scientific hypotheses, is excellent."— fn^/ZivA Churchman. 

" Distinspished by the tme spirit of scientific inqniry, by trreat knowledfre, by keen 
logical ability, and by a style peculiarly clear, easy, and energetic."— iVbnco7^r/M(«t. 

** No one can rise from its perusal without being impressed with a sense of the singular 
weakness of modem scepticism."— JSop^t*^ Magazine, 

POPULAB WOBK OK PAINTIHG. 

PAINTING POPULARLY EXPLAINED ; with Historical Sketches 
of the Progress of the Art. By Thomas John Gullick, Painter, and 
John Timbs, F.S.A. Second Edition, revised and enlarged. "With a 
Frontispiece and Vignette, in small 8vo. price 6«. doth. 

*#* This "Work has been adopted as a Prize-book in the Schools of 

Art at South Kensington. 

" A work that may be advantageously consulted. Much may be learned, even by those 
who fancy they do not require to oe taught, from the careful perusal of this unpretending 
but comprehensive treatise."— ^r< Journai. 

** A. valuable book, which supplies a want. It contains a large amount of original matter, 
agreeably conveyed, and will oe found of value, as well by the young artist «>«;!q?e&sv^Vs^- 
formation as by the general reader. We give a cordial vr^VcOTEka \jo *Ca!& \iiwS«-^ «s^?^ vjsv^ks. 
for it an increasing reputation."— Builder . - v«s»sj 

" Tbia volume is one that we can hearttly TecommenOL \o iXV^Vo ^«> S^^-sct^"^^^ ''^ 
standing what they admire in a good painting."— Dallu Neu;«. 
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DELAMOTTE'S WOEKS OK ILLUMIlfATION, ALPHABETS, &c. 

A PRIMER of the ART of ILLUMINATION ; for the use of Be- 
ginners : with a Rudimentary Treatise on the Art, Practical Directions 
for its Exercise, and numerous Examples taken &om Illuminated MSS. 
and printed in Gold and Colours. By F. Delamottb. Small 
4to. price 9«. Elegantly bound, doth antique. 

** A handy book, beantif ally illustrated ; the text of whioh is well written, and calcnlated 
to be useful. . . . The examples of ancient MSS. recommended to the student, which, 
with much good sense, the author chooses from oolleotions accessible to all, are selected 
with Judgment and knowledge, as well as tUB^A^'-^AthencBum, 

** Modestly called a Primer, this little book has a good title to be esteemed a manual and 
guide book m the study and practice of the different styles of ornamental lettering used 
by the artistic transcribers of past centuries. . . . An amateur may with thii silent pre- 
ceptor learn the whole art and mystery of illumination."— 5i>eetotor. 

** we are able to recommend Mr. Delamotte's Treatise on Illumination to all who desire 
to become practically acquainted with the art. The letterpress is modestly but judiciously 
written; and the illustrations, which are numerous and well chosen, are beautifully 
printed in gold and (ioloxm."--Eeelesiolooi»U 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL : from the 
Eighth Century, with Numerals ; including Gtothic, Church-Text, large 
and small, German, Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &;c. &c., for the use of Architectural and En- 
gineering Draughtsmen, Missal Painters, Masons, Decorative Painters, 
Lithographers, Engravers, Carvers, &c. &c. &c. Collected and engraved 
by F. Delamottb, and printed in Colours. Royal 8vo. oblong, price 
4«. cloth. 

** A well-known engraver and draughtsman has enrolled in this useful book the result of 
many years' study and research. For those who insert enamelled sentences round gilded 
chahces, who blazon shop legends over shop-doors, who letter church walls with pithy 
sentences from the Decalogue, this book will be xxBetfiL"—Athenauim, 

EXAMPLES of MODERN ALPHABETS, PLAIN and ORNAMENTAL ; 
including German, Old English, Saxon, Italic, Perspective, Greek, He- 
brew, Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and 
Arabesque ; with several Original Designs, and an Analysis of tht 
Roman and Old English Alphabets, large and small, and Numerals, 
for the use of Draughtsmen, Surveyors, Masons, Decorative Painters, 
Lithographers, Engravers, Carvers, &c. Collected and engraved by 
F. Delamotte, and printed in Colours. Royal 8vo. oblong, price 4^. 
cloth. 

*'To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which has 
been expended in the conception of the various plain and ornamental letters is yton' 
^Qttal."— Standard. 

MEDLEVAL ALPHABETS and INITIALS for ILLUMINATORS. By 
F. Delamottb, Illuminator, Designer, and Engraver on Wood. Con- 
taining 21 Plates, and Illuminated Title, printed in Gold and Colours, 
With an Introduction by J. Willis Brooks. Small 4to. 65. cloth gilt. 

** A volume in which the letters of the alphabet come forth glorified in gilding and all 
the colours of the prism interwoven and intertwined and intermingled, sometimes with a 
sort of rainbow arabesque. A poem emblazoned in these characters would be only com- 
parable to one of those delicious love-letters symbolised in a bunch of flowers well selected 
and cleverly arranged."— <Stt». 

THE EMBROIDERER'S BOOK of DESIGN; containing Initials, 

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 

DeviceSf Mediaeval and Modem Alphabets, and National Embleas. 

Collected and engraved by E, Dbiauottb, an^ ^TMaXAftL Ssi C^^srasA. 

Oblong royal 8vo. price 2«. 6c?. in omameii\-aX\)0«.T^. 
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AGaiOitTOflE, ETC. 

TEXT-BOOK FOR ABOHITECTS, SHOIHESBS, SUXTSTOKB, tc. 
A GESERAL TEXT-BOOK for AECHITECTS, ENGINEERS, 
SUEVEYOKS, SOLICITOES, AUCTIONEEKS, LAND AGENTS, 
and STEWARDS, in all their Beveral and varied Professional Occupa- 
tions; and for the AssisUiice and Omdnnce of Country Oentleiaei] 
and others engaged in the Tranafar, Management, or Improvement of 
Landed Propertj; together with EiamplcH of Villaa and Country 

" " " " . ^ . ^ ^ 

perty. 
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SCOTT SUKIT'B IHTBODITCTIOK TO FABMISQ. 

THE LESSONS of MY FARM: a Boot for Amafpur Acriculturisls, 
being an Introduction to Furm Practice, in the Culture of Crops, the 
Feeding of Cuttle, Management of the Dairy, Poultry, iin<l Pigs, and 
in the Keeping of b'arm-work Becotds. By Robeut Scott Bobk, 
Editor of " The Yeat-Book of Agricultuial Fiicts," unci one of the 
Authors of "Book of Farm Implementa and >[acbines," ;iiid "Book 
of Farm Bnildinga." With numeroos illustrations. Fcp. 6a. cloth. 
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eially in tho departments oonneeted with the Breeding, Kmring, 
Feeding, and general Management of Sto<±, the Management of the 
Dairy, &c ; with Direetioua for the Cultnre and Management of tirass 
Land, of 6r^D and Ttoot Crops, the Armngemeiit of Farm Offices, 
the Use of Implements and Maobiaea ; and on Draining, Irrigation, 
Warping, &c., and the Application und Relatiro A'alao of Manures. 
By WiLLiAK Yoi'ATT, Esq., V.S., Member ot the Royal Agricultural 
Sode^ of EngUind ; Author of "The Horee," " Cutlla," &c. Eleventh 
Edition, enlarged and brought down to the present requirements of 
Agricultural practice. By Houeut Scott Bi'iuj, one of thp Autiiors 
of "The Boot of Farm Implements and Machines," nnd of "The Book 
of Farm Buildings;" Author of "The LeaaonB of My Farm," and 
Editor of ■' The Year-Book of Agriculttiral Facts." In ore l;irgB 8vo. 
volume, 784 pp. with 215 lUuBtrafiona. Price 11. Is. strongly half- 
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the DIwBHa of Honet.-IV. On the DU- f^Z 

«•■«<* Sheep,— T. TheDlioBMHOf Lamba. "f"" 
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[. On the Sd.—X. Mouthl; Calendar of Work to be 
^^^r^FMtanLud^W.'OnMwdov itoM unU« We&thl't.-SuB^' *''"''™' 
"The aUndud, and UiC-book. with the tanner and snzler."— niniir'i Maaoiiit. 
*' A valoable repertory of intelUffenofl for all who make aHrlealtnxe a pnrtalt, and eipft' 
aialljr tor thOH who irim at keeiiing pace with the hnproiemenu of the ttgt."—Biiltm 

" A treatiae which will remain a etamtard work on the anyect aa lonir aa British a^cul- 



d Bhapeotnridi.-lI, C 



improvementaof thedaj."— A'fKiSpai'friitf J/oiriujju 

TABLES FOB LAITD TAXITXXS. 

THE LAND VALUER'S BEST ASSISTANT: lieing Tables, on a 

Teiy maeh, improved Plan, for Calcnlating Hie Value of Estates. To 

wbicli Ufl added, Tables far lednciog Scotch, Iriiih, and Frovinciat 

Customary Acres to StHtote Measure ; nlsn, Tablee of Sqaare Measure, 

and of the vaiious DilDeiisions of an Acre in Perches and Yards, by 

which the ContfiDtB of nay Plot of Gronnd may be ascertained vithoat 

the expense of a regular Sorrej; MiscellaDeons InfbrmatioD onEuglisli 

and Foreign Measures, Specific Qravities, &c. By E. Hcdsok, Civil 

Engineer. Tfew Edition, with Additions and Correctiona, price 4*'. 

strongly bound. 

"Tlili new edition Inolodee Uhlei br MOertainlni ttXTalneot leaia for anrtannDr 

jean J and for ihowinf bow to Iw ont plole of gnmbd of certain aorai in forma, agnara, 

nnnd, be., wltliTalnatlle rnlea t« BKjenaliilaE the piobabla worth of atandlni timber to 

BESS? AXD THZn DI8UJIS. 

THE HISTORY, STRUCTURE, ECONOMY, and DISEASES of 
the SHEEP. By W. C. Spoomn, V.3., Editor of White's " Cattlo 
Medicine," and White's " Compendium of the Veterinary Art." Illns- 
trated by Habvxt. Second Bdition. ISmo. U. cloth. 
" The name of Mr. gpooner, who I> a dlitlnfalahed member of hli prof ei>loB,la v^E.- 

add tS^k to Iheir Hte^I7aIia. ai a wor^ olrirtBiftaBO.Vi w>,*A Vi>»'ai'«™-W««*- 

afOBOfaUfheepfannen,"— Oardnitri' Ckreaicle. 
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MISCHLUIHEOIIS. 



JTO KOBE LAWTXBS' BILLS!! 



EVERY MAN'S OWN LAWYER: A HANDY BOOK of the 
PRINCIPLES of LAW and EQIHTY. By a Babbisteb. Fourth 
Edition, much enlarged, and brought down to end of 1865 Session. 
12mo. price 6«. %d. (saved at every Consultation) strongly bound in 
doth. Comprising the Rights and Wrongs of Individuals, Mercantile 
and Commercial Law, Criminal Law, Parish Law, County Court Law, 
Game Laws, the Laws of 



Bawkbttptct. 

Bets axd Wagers. 

Bills of Exchange. 

Ck>irrBACT8. 

CoFTBiGHT, Patents, Etc. 

EucriONS. 



Laadlord a&d Tenant. 
Master and Servant. 
Husband and Wife. 
Execators and Trostees. 
Gnardian and Ward. 
Married Women ft Infants. 
Partners and Af^ents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. 



IirSURAKCE. 

Libel axb Slavdee. 
Mabuagb and Diyobcb. 
Mebchant Shippixo. 
Mobt gaoes. 
Settlbmsxts. 

Also Law for 

Companies and Associa- 
tions, Etc. 
Friendly Societies. 
Clera7men,Churchwarden8. 
Medical Practitioners, Etc. 
Bankers. 
Farmers. 
Contractors. 

Stock and Share Brokers. 
Sportsmen. 



OPIBIOXS or THB PBB88, 



Stock Exchabob Psactice. 
Trespass, Nuisabcbs, Etc. 
Tbabspbb of Land, Etc. 
Wabrantt. 

Wills abd Agrbembbte. 
Etc. Etc. 



Ckunekeepert. 

Farriers and Horse-dealers. 

Auctioneers JBCouse-Agents. 

Innkeepers, Btc. 

Bakers, Millers, Etc. 

Pawnbrokers. 

Survejors. 

Carriers. 

Constables. 

Seamen, Soldiers, Etc« 



'* What it professes to be— a complete epitome of the laws of this country, thorouffhiy 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution, and will be found of service to men of 
business, magistrates, and all those who have a horror of spending money on a legal 
adviser.'*— JBc«'» Life. 

** Beally an admirable book of its kind. . . . The Author seems to have employed 
his powers of condensation to immense advantage, and the result is a clearly-worded and 
expucit manual, containing information that most be useful at some time oir other to 
everybody."— JfecAaniev' Magazine, 

** This is a work which has long been wanted, which is thoroughly well done, and which 
we most cordially recommend to our readers."— 5»fulay Timeg, 

** In order to meet all the ordinary eases llkdy to occur in common life, this admirable 
TnftTi-mii is inrovided, which gives to every man in plain language, and at a very sm^ll cost, 
a key to tixe laws of his country, and to enable him to dispense with legal help. On all 
those subjects we have examined it is full, dear, and satisfactory, and the costof tbs book 
will be saved to the man of busfness at every consultation."— 7F«t2ejraft Timet, 

THE LAWS OF KIHES AHB XINIHG COHPAHIES. 

A PBACTICAL TREATISE on the LAW EELATING- to MINES 
and MINING COMPANIES. By Whitton Akxhcdbi-l, Attaraey-at- 
Law. Crown 8vo. 4«. cloth. 



AUCTIONEEB'S ASSiaiAHT. 

THE APPRAISER'S, AUCTIONEER'S, HOUSE AGENT'S, and 
HOUSE BROKER'S POCKET ASSISTANT; for the Valuation, 
Purchase, and the Renewing of Leasee, Annuities, Reversions, and of 
Property generally ; Prices for Inventories, with a Guide to detonnine 
the Value of the Interiors, Eittings, ¥umtase» &c. By John 
Valuer. 24mo, cloth boards, 2«. 6d. 
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IKKKEEPEBS' LAW. 

THE INNKEEPER'S LEGAL GUIDE: What he Must do, What 
he May do, and What he May Not do. A Handy-Book to the Liabi- 
Kties, Limited and Unliniited, of Innkeepers, Alehouse-keepers, and 
Befreshment-house Keepers, &c. Second Edition, revised and en- 
larged ; with verbatim copies of the Innkeeper^s Limited Liability, the 
General Licensing, and the Public-house Closing Acts, 18C4. By 
BiCHABB T. TiDS'WELL, M.A. Oxou. of tho Inner Temple, Barrister- 
at-Law, Esq., Joint Author of " Law of Marriage and Divorce," and of 
" The Practice and Evidence in Divorce," &c. Fcp. Is, 6d. doth limp. 

** Every licensed victualler in the land shonld have this exceedingly clear and well- 
arranged manntLl.'*— Sunday Time*, 

BEADY BECKOKEB FOE HOUSEKEEPEBS. 

THE INSTANT BECKONEB ; showing the Value of any Quantity 
of Goods, including Fractional Parts of a Pound Weight, at any price 
from One Farthing to Twenty Shillings : with an Introduction, embrac- 
ing copious Notes of Coins, Weights, Measures, and other Commercial 
and Useful Information ; and an Appendix containing Tables of Interest, 
Salaries, Commission, &c. 24mo. Is, 6d, cloth; or 2s, leather. 

BUDIKEKTABY WOBKS. 

WEALE'S SEBIES of BUDIMENTABY SCIENTIFIC and EDU- 
CATIONAL WOBKS. At prices varying from Is, to 6s, 

%* This excellent and extraordinarily cheap Series of Books, now 
comprising nearly 200 different Works in almost every department of 
Science, Art, and Education, is strongly recommended to the notice of 
Mechanics' Institutions, Literary and Scientific Associations, Free 
Libraries, Colleges, Schools, &;c. 

Lists may be had on application to Messrs. Lockwood & Co. 

EYEBY HOTTSEBEEPEB'S BOOK. 

Just published, in a closely-printed Tolume, in a dear and legible type, 

post 8yo. 6«. doth, 

THE DOMESTIC SEBVICE GUIDE to HOUSEKEEPING: Prac- 
tical Cookeiy; Pickling and Preserving; Household Work; Dairy 
Management ; the Table and Dessert ; Cellarage of Wines ; Home- 
brewing and Wine-making ; the Boudoir and Dressing-room ; Invalid 
Diet ; Travelling ; Stable Economy.; Gardening, &;c. A Manual of all 
that pertains to Household Management, from the best and latest 
authorities, and the Conmiunications of Heads of Families ; with seve- 
ral hundred new Bedpes. 

* A reaOy niefnl Guide on the important snbjeots of wUdi it treats."— aSEpectotor. 

""Tho bett cookery book pabliabed for many yean."— A?2r« Muunger, 

**Thift book te characterised by a kindly feeling towards the elasBefl it deiisns to bOMfit, 
and by a rwpeetfol regard to religion*"— Ateord. 

••We find hew directionB to be discovered in no other booTt»t«^'Kav'is.\R»^sw^««:«BMR»;N^ 
th« pocket, as well as labour to th« ^ead. It ia Xsroas «a %*N««vfi^sj^^ >aQKj«.r — i«i>«.^>i».- 
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intBS' THmas iror gekekallt kitowit. 

THINGS NOT GENZEALLY KNOWN. By Jouy'Tixia F S Afif 
Editor of "The Year-Book of Fact*," &c. In Six Volumca, fcp.cloS 
Ifls. i or, the Six Volnmei bound in Three, cloth gilt, or half-bounfl/ 
15l. ; cloth, gilt edges, 18». M. Contentg :— General Information, 

2 vols. — CurioflitiBB of Science, /! Tol». — Curionitiesof History, 1 vol. 

Populai Errors Explained, I vol. (The Volumes, either single vols. 
2a. 6d., or double vols. B«., are sold separately.) 
" A Temarkabl* pluuDt (uid InitnutlTe Uttla tHMk; B book u toll oC intoimBClon u s 



ITTZHTOSB AKS DISCOTXSZSS. 
] STORIES of INVENTOBS and DI3C0VEREKS in SCIENCE and 

\ USEFUL ARTS. By Johm Imbs, F.SA. Second Edition. With 

< numerous lUustntions. Fcp. 5*. doth. 

" Thew itoriai br Ht. Timbi ■» u uumUoni u XheArahiai Kigtii' Ealertalnmcita. 

Slid ue wionEht InKi nTDlmofi of gnml inttttrnt and wortli."— .ll'aj. 

i XT A COHTBIBITTOK TO "THE BIASOH WHT" BEEIE8. 
I THE HT8T0EICAL FINGER-POST : a Handy Book of Terms, 

E Phrases, Epithets, CogpomenB, Allusions, Sec. in conneiian with Uni- 

I versa! History. By Edwied Shkltos, ABsistant Editor of "The 

^ Dictionary of Daily Wants," &c. &c. Second and cheaper Edition. 

I 1 vol. crown 8to. pp. 384, 2i. id. cloth. 

■■ A h&ndr llttla TOhmie, wbloh wlU mpply tbs nlua i^ ' Hitrdn's DlationHTof Dstei' 

ta OMBS oeaoat wbo «uuu>I sIRira tltst tmtk. Monaier. II oontalni laiiie thinn tbst 

HsfdnVboak does boS."— Xm»hUr-. 
tl " It li to ths blatorlial stndtot ud sntlqwulsii vluC ' EnqnlTe Wfchln ' ii to the pnK- 
n Uol hoiiHidf»-«ndln>aiAuwl(bitoTH ollwMHuqii^red BudseU.dlT^ 

a of (£•."— rohwlMf OtnlH Oaatlt. 
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lOHDOIt nr THE VIHSTSXMTB CXKTUAT. 

WALKS and TALKS ABOUT LONDON. By Johk Tikbs, F.S.A, 

Author of " Curiosities of London," " Things not Generally Known," . 

&c. Contents: — About Old Lyona Inn — last Days of Downing Street 

—Walks and Talks in Vanxball Gardens —Lost of the Old Bridewell^ 

The Fair of May Fair— From Hick's Hall to Campden House— Talk 

about the Temple — Recollections of Sir Richard Phillipa—Ciuioaitles 

of Fishmonger^ Hall — A Morning in Sir John Sonne s Museum — A 

Site of Specolatioa — ChamFes in Corent Garden — Last of tbe Fleet 

Prison — Forty Years in Heet Street — Changes at Charing Cross— 

Railway London — Blaekfriars Brtdse — Raising of Holbom Valli? — 

An Old Tarem in St. Jame^s. With Frontispiece. Post 8to. cioth 

gilt, St. 6d. 
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